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This report deals with a planning study of doctoral work in engineering, 
which was conducted in several portions corresponding to the various 
disciplines within engineering. The report is in six volumes. Volume A 
deals with chemical engineering, B with electrical engineering, C with 
metallurgical and materials engineering, D with mechanical engineering, 
E with industrial engineering, and F with civil engineering. Each volume 
contains the COU and ACAP reports for engineering as a whole together with 
the consultants' report and other material appropriate to one of the 
disciplines. The COU report will be In three parts: Part I dealing with 
recommendations approved In June 1974 and dealing with most of the fields, 
Part II approved in September 1974 and dealing with mechanical and industrial 
engineering, and Part III to appear later dealing with civil engineering, 
ihis volume printed in the fall of 1974 contains Parts I and II. 
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FOREWORD 



As a consequence of a study of engineering education in Ontario (described 
in more detail in the subsequent ACAP report) the Council of Ontario 
Universities called for a planning assessment of PhD programmes in 
engineering to be carried out by ACAP in cooperation with CODE, 

The Advisory Committee on Academic Planning (ACAP), as presently 
constituted, was established by the Ontario Council on Graduate Studies 
at the request of the Council of Ontario Universities in January, 1 Q 71* 
The Advisory Committee's terms of reference were directed broadly tovard 
the effective planning and rationalization of long-term graduate 
development in Ontario's universities both at the level of individual 
disciplines and at a more general level. The Advisory Committee's 
activities are based on the premise that graduate work is the one area 
of university activity in which specialization among universities, 
cooperative arrangements and comprehensive planning are most necess*r'. 

The disciplinary planning process involves a discipline group 
composed of one representative from each university with an interest * 
graduate work in the planning area. In the case of engineering, CODE 
was also involved in a way described in .the ACAP report. The discir 1 ne 
group assists in defining the precise academic boundaries of each study, 
and prepares a commentary on the consultants' report* 

The final decision on consultants for the planning study is made 
by ACAP* The consultants are requested to make recommendations on 
programmes to be offered in Ontario, desirable and/or likely enrolments, 
the division of responsibility for programmes among universities, and the 
desirable extent of collaboration with related disciplines* 

While the consultants' report is the single largest element in the 
final report on the planning study, ACAP considers the statement of each 
university's forward plans to be most significant* These forward plans 
are usually outlined prior to the planning study, and are used as a basis 
for comments from the universities concerned on the consultants' report* 

On receipt of the consultants' report, and comments on it from the 
disicpline group and the universities , ACAP begins work on its own recom- 
mendations for submission directly to the Council of Ontario Universities* 
COU considers the input from all sources, and prepares the position of the 
Ontario university community* 

The following report is one of a series of disciplinary planning 
studies carried out by the Advisory Committee on Academic Planning and 
to be published by the Council of Ontario Universities* The emphasis 
of the report is on forward planning, and it is hoped that the 
implementation of COU's recommendations will help to ensure the more 
ordered growth and development of graduate studies in Ontario's universities. 
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On the instruction of the Council of Ontario Universities, the Advisory Committee 
on Academic Planning, in cooperation with the Committee of Ontario Deans of Engin- 
eering, has conducted a planning assessment for doctoral work in engineering. This 
arose from the need to re-examine the recommendations concerning PhD work which 
appeared in Ring of Iron . The background to the study, the procedures followed 
and the planning techniques used are described in the ACAF report and are not repeated 
here. The resultant report from ACAP is attached together with the consultants 
reports, the comments by the discipline groups, the comments of the individual 
universities, and the comments of CODE. It is important for the reader to read the 
attachments in order to understand the recommendations in this Report from COU. COU 
will issue subsequent parts to this report dealing with mechanical, industrial and 
civil engineering. 

The Council received the ACAr report and supporting documentation on April 11, 1974. 
The content of the ACAP document was debated on April 11, on May 3, and on June 7, 
1974. As a result of these discussions this Report and Recommendations was prepared 
and approved by the Council on June 7, 1974. The report is addressed to the Ontario 
Council on University Affairs and the universities of Ontario. 

The following principles have been adopted and will apply to this and all other COU 
Reports arising out of assessments. 

1. Discipline assessments by ACAP should form the basis for planning by 
the universities of their development of graduate studies, particularly 
i'hD programmes. On the basis of these assessments, COU should make its 
own recommendations on currently embargoed programmes. Each university 
must retain the freedom and responsibility to plan and implement its 
own academic development. However, the universities in embarking on 

a cooperative planning process have signalled their intentions of 
cooperating with the COU recommendations. 

2. Universities generally plan their emphases in graduate study on the 
bases of related departments, not of single departments. Initially 
the sequential nature of the discipline planning assessments makes 
this difficult. However, by the summer of 1974 there will have been 
assessments of most of the social sciences, all of the physical sciences, 
engineering doctoral work, and a number of professional areas. On the 
information and recommendations then available, each university should be 
able to. make decisions concerning its support of graduate programmes 

in these areas. Amendments to university responses to the individual 
discipline planning assessments may then be made in the wider context of 
a group of related disciplines and amendments to COU's original Reports 
on an individual discipline may be required. 



The first concern in planning is to review the quality of graduate 
opportunities and of students in Ontario universities and to make 
judgements about how to proceed or not proceed based on quality 
considerations. The procedures have made use of highly qualified 
independent consultants who have no direct Interest in the universities 
in Ontario. Accordingly, COU feels bound to accept their judgements 
about quality where they are stated clearly unless unconvinced that 
their conclusions about quality are consistent with their evidence. 
COU*a recommendations in t!*e case of programmes which are of unsatis- 
factory or questionable quality will call for discontinuation or the 
carrying out of an appraisal* if the continuation of the programme 
is not crucial to the province's offerings. In some cases, however, 
there may be a particular need for the programme and the appropriate 
recommendation will be to strengthen it, with an appraisal following 
that action. It is also possible that if there were found to be 
too large a number of broadly-based programmes there could be a recom- 
mendation to discontinue the weakest; in this case, an appraisal for 
a more limited programme might be relevant. 

A second consideration is the scope of opportunities for graduate 
work in the discipline. Do the Ontario programmes together offer 
a satisfactory coverage of the main divisions of the discipline? 

Numbers of students to be planned for will depend on the likely 
number of applicants of high quality and in some cases may relate to an 
estimate of society's needs. Such estimates may be reasonably reliable 
in some cases and not in others. If the plans of the universities 
appear to be consistent with the likely number of well-qualified 
applicants and there is either no satisfactory basis for estimating 
needs or there is no inconsistency between a reasonable estimate of 
need and the universities* plans, then COU will take note of the facts 
without making recommendations on the subject of numbers. 

If the numbers being planned for by the universities are grossly out 
of line with the anticipated total of well-qualified students, or a 
reliable estimate of needs, COU will make appropriate corrective 
recommendations. Depending on the circumstances, these may call for 
a change in the total numbers to be planned for and indications of 
which institutions should increase, decrease, or discontinue. The 
recommendations in serious cases may need to specify departmental 
figures for each university for a time. If the numbers being planned 
for are insufficient, the recommendations may call for expausion, or 
new programmes, and may have implications for both operating and 
capital costs. 

Unless there are exceptional circumstances, the recommendations 
concerning enrolment will not call for a university to refuse 
admission to any well-qualified student who wishes to work in a 
field in which that university offers a programme and in which it 

has the capacity to accommodate the student. 



The quality of graduate programmes is partly dependent on size* and 
for each programme* depending oh how it is designed and its scope, 
there is a minimum size of Enrolment below which quality may suffer* 
That number cannot be expressed for the discipline as a whole but 
only for individual programmes depending on their purpose, their 
resources and their design. 

Universities will be expected to notify COU if they intend to depart 
from the COU Report in any way which they believe might have a signi- 
ficant bearing on the provincial plan. 

Appraisals arising as the result of assessments are to be based on the 
standards but not necessarily the scope of the acceptable programmes 
in the province. 

General observations concerning engineering- doctora l >rk 

1. Ontario is unlikely to over-produce engineering ^hD'fe in the next five 
years. However, the student body contai&s too xargeNa pVoportion of non- 
Canadians. Qualified Canadians should be encouraged ng^seek the engineering 

i'hD. 

2. Doctoral students should be selected on the basis of high academic standing 
and research potential. 

3. "Inbreeding" is a problem, with many students obtaining three degrees from 
one university. 

4. Faculty members, whether or not engaged with doctoral students, should have 
the facilities and opportunities to engage in research and in work with 
inc^istry^ 

5. The scope for inter-university and university-industry cooperation is 
considerable and should be exploited. 

6. The quality and state of development of the Ontario doctoral programmes are 
variable. Some are very good and have gained international recognition. 

7. Some universities are organizing (or reorganizing) doctoral study on a 
division of specialization pther than that provided by the "traditional" 
engineering departments. In two of the smaller faculties this is a central 
factor in the planning* but increasing cross-departmental activity is also in 
evidence elsewhere. 

Actions by COU 

1. COU has abandoned a planning number of 450 doctoral students and advises 
the universities to plan on the assumption that the doctoral enrolment will 
remain roughly constant for the next five years. Although there is a need 
for engineers with doctorates in Ontario, graduate student enrolment will 
level off due to a lack of top quality students. Canadians must be attracted 
in increasing numbers in order to maintain enrolment at the present level. 
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2. COU requests that CODE report annually to COU on enrolment and' employment 
opportunities. 

* 

3. COU requests that ACAi' arrange for each engineering discipline group: 

(1) to monitor annually the admissions experience of each programme (post 
f acto ) and report on the quality of the admitted students (to ACAi' for 
transmission to COU); \ 

<2) to report annually to ACAi' on the universities previously attended by 
the newly admitted graduate students of each department. 

4. COU requests CODE, after consultation with the' discipline groups, to develop 
proposals for collective methods of making information on graduate work in 
all Ontario universities readily available to the engineering students, and 
to inform ACAP of the action taken. 

5. COU requests OCGS to examine existing university guidelines on part-time 
doctoral work and its supervision. 

b. COU request that ACAi arrange for an annual report to OCG? from each university 
on the time taken for each graduating student to complete his doctoral studies. 

7. COU requests ACAi' to examine the available documenLaLion on civil engineering, 
to reach its own judgements on the basis for a report, after soliciting assist- 
ance from the discipline group and/the universities, and to prepare its report 
to COU containing recommendations for the future of civil engineering doctoral 
work. This should be submitted by December 31, 1974. 

* 

8. COU requests that ACAi' arrange- for the metallurgical and materials engineering 
discipline group to present a report to ACAi* on university actions taken to 
correct identified weakness in certain fields of study. 



Recommendations 

it is recommended that: 

1. L'nivacsities, CODE and discipline grout. * take steps to inform potential 
candidates of the value of a i'hD in ma *.y phases of government and industry, 
n»r only in research and development. The universities, individually and 
collectively, through agencies such as CODE, should discuss with the industrial 
and governmental employers steps to be taken jointly in order to overcome the 
shortage of Canadian students. 

« 

2. The universities attempt to maintain the situation where Canadians and landed 
immigrants constitute at least 70% of the doctoral enrolment in any programme, 
at any one time, even though the number of landed immigrants may decrease. 
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3. The universities, the provincial government, and granting agencies examine 

the extent to which the limit to student income deters Canadians from entering 
graduate work. Means of supplementing the income of professionally experienced 
students should be examined* 

4* All doctoral thesis examining committees have an examiner external to the 
university. 

5. At present, there not be any f specific engineering doctoral part-time programmes 
but rather that iiart- time or non-resident doctoral work be done by individual 
arrangement. Experimentation in methods of carrying on part-time work is to 

' be encouraged and might lead in future to the creation of specific part-time 
programmes. It is also recommended % that the research topic of any student 
accepted on a part-time basis be in a field in which the professors in the 
department have expertise. 



University Recommendations ^ v — 

Engineering was split into five separate assessments, one for each of the five 
traditional fields. of engineering. Two universities, Western Ontario and Windsor, 
do not administer their doctoral engineering work along these lines but rather on 
an interdisciplinary basis that cuts horizontally across engineering. For this 
reasonT these two universities are being dealt with separately and not as part of 
the more standard approach evjident in the five assessment reports. Similarly, 
Guelph also is included in this section. 

It is recommended that: , 

6. The University of Western Ontario continue its examination of its PhD 
programme in engineering science, and put forward the resulting programme for 
appraisal, in particular delineating carefully the areas of research in which 
it feels it appropriate to accept students. If a favourable appraisal 

is not obtained by the end of October, 1976, admission of new students should 
then be suspended. 

7. The University of Windsor continue the reorganization of its doctoral work'in 
engineering and submit all programmes for appraisal when the new system has 
been in operation sufficiently long to permit a valid appraisal. Enrolment 
of new students should cease after October, 1977, if a favourable appraisal 
has not been obtained. V 

8. The involvement of the School of Engineering in the hydrology doctoral programme 
at the University of Guelph continue and that the university begin doctoral 
work in agricultural engineering at a time in accordance' with the university's 
plans, subject to normal appraisal procedures. 

/ 

Chemical Engineering 

This section deals with doctoral work in chemical engineering at McMaster, Ottawa, 
Queen's, Toronto and Waterloo. 
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lt id recommended that: 

9. Thti departments consider grouping their research activities in well-defined 
areas so as to establish or reinforce teams* thus providing a more stimulating 
environment for students. 

10. McMaster University continue its doctoral work in chemical engineering accord- 
ing to its plans. 

11. The University of Ottawa continue its doctoral programme in chemical engineering 
according to its plans. 

12. Queen's University re-evaluate its doctoral programme in chemical engineering 
in the light of comments made by the consultants concerning research activity 
of the faculty, the grouping of research areas, the awareness of new trends 
in the discipline, and the mobility of its bachelor's graduates* and submit 
the programme for appraisal at the time that the university considers appro- 
priate. If a favourable appraisal has not been received by October, 1976, 
enrolment of new students then be suspended. 

13^,* The University of Toronto continue its doctoral programme in chemical engineer- 
ing according to Its plans, paying particular attention to the desirable 
-mobility of its bachelor's graduates for graduate work elsewhere and to the 
desirability of grouping of research areas. The University of Toronto is 
requested to report to COU through ACAI 1 by June, 1975, on action taken in regard 
to this Recommendation. 
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14 * The University of Waterloo continue its doctoral programme in chemical 
engineering according to its plans. 

Civil Engineering 

The consultants 1 report is unfortunately inadequate for planning purposes, 
it is recommended that: 

15. The embargo on the funding oi any new programmes in civil engineering 
continue until COU has accepted a report from ACAi 1 dealing adequately 

with the future role of each department in respect to the different fields of 
doctoral research, paying particular attention to the relative strengths and 
weaknesses of each department and the change in emphasis on fields recommend- 
ed by the consultants. The report should he submitted by ACAi* by December 31, 
1974'. 

Electrical Engineering f \ 

— ■•" / 

This section deals with doctoral work in electrical engineering at Carleton, 
McMaster, Ottawa, Queen's, Toronto. and Waterloo, 

It is recommended that: 

16. The discipline group annually identify those areas of electrical engineering 
which they consider relevant to the present and ^future needs of Canada and 



make their findings available to the granting agencies and various associations 
of industry in order to stimulate a continuing dialogue with industry. 

17. Carleton University continue its doctoral work in electrical engineering 
according to its plans. 

18. McMaster University continue its doctoral work in electrical engineering 
according to its plans. 

19. The University of Ottawa plan the reorganization of its doctoral programme 
in electrical engineering and put forward the programme for appraisal. II 

a favourable appraise! has not been obtained by the end of the fall term 1976 ♦ 
admission of new «tt cents should cease. In the meantime, enrolment of new 
students should be restricted to the digital communications systems and large- 
stale systems fields. 

20. Queen's University continue its programme in electrical engineering concentrating 
in the communications and systems fields, with occasionally a student in cognate 
areas of electronics and energy processing. Any proposed substantial develop- 
ments in these latter two fields should be' submitted for appraisal. It is also 
recommended that the department maintain enrolment at its present level. 

21. The University of Toronto continue its doctoral work in electrical engineer lng 
according to its plans. 

22. The University of Waterloo continue its doctoral work in electrical engineering 
according to its plans. 



Metallurgical and Materials Engineering 

This section deals with doctoral work in metallurgical and materials engineering 
at McMaster, Queen's, Toronto and Waterloo. 

It is recommended that: 

23. The universities take steps to increase the activity in the ceramics, glasses, 
and polymer fields of study in the province. 

24. McMaster University continue its doctoral programmes in materials science 
and extractive metallurgy, and mak2 a report to COU through ACAi' in the fall 
of 1975 on the following suggestions Tor improvement: 

a) recruitment of students with physics and chemistry backgrounds 

b) strengthening of the extractive metallurgy faculty 

c) collaboration with the University of Toronto 

25. Queen's University continue its-doctoral work in physical metallurgy 

and discontinue the doctoral programme in extractive metallurgy and mineral 
engineering as it now exists and replace it by an enlarged programme involving 
professors from other departments. This new programme should be appraised 
and this should be completed by December 31, 1976. If Queen's does not wish 
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to enlarge its programme in extractive metallurgy and minora! engineering, 
the present programme should be put forward immediately for appraisal, 
casing to enrol new students by June 30, 1975, if a favourable appraisal 
is not obtained. 

b. The University of Toronto continue its doctoral programmes in its Department 
of Metallurgy and Materials Science, it is suggested that Toronto consider 
broadening the programmes and it is requested that the university report to 
COU through ACAP by September, 1975, on any progress made in this direction. 

7* The University of Waterloo continue its doctoral work in extractive, and pro- 
cess metallurgy and in metallurgical engineering and materials science 
according to its plans. 



Mining E ngin e ering 

It is recommended that: 

8. Queen's University continue its doctoral work in accordance with its plans. 



General 

I t is recommended that: 

!9. In view of the acceptance of these recommendations by the Council of 
Ontario Universities and the completion of Part I of this planning 
assessment, the Ontario Council on University Affairs request the 
Minister to remove the embargo on doctoral work in Engineering (except 
for Mechanical, Industrial and Civil Engineering at Carleton, McMaster, 
Ottawa, Queen's, Toronro and Waterloo), in accordance with the original 
announcement of the Minister that new graduate programmes would be embargoed 
ijuntil, for each discipline, a planning study has been conducted. 



Notes concerning the recommendations 
Re : Recommendations 1 , 2» and 3 

The background to these important recommendations appears on pages 13 and 14 
the ACAP Report. 

Re: Recommendation 7 

Presumably the programmes submitted for appraisal will be the three 
divisional programmes which are replacing the departmental programmes. 

Re: Recommendation 16 



Other engineering discipline groups may also find this a valuable* suggesti 
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Re: Recommendation Ig 

This differs from the recommendation in the ACAP Report because the University 
subsequently decided to carry out a re-assessment of the future direction 
of the department. 

Re: Recommendation 25 

' Queen's haa reported to COU its intention to enlarge its programme in extractive 
metallurgy. 



June ?, 1974. 
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Council of Ontario Universities 
Conseil des Unlversites de 1 'Ontario 

Report and Recommendations 
concerning Doctoral Studies 
in Engineering - Part II 

As Part I of this report indicated it would, this part deals with mechanical 
engineering and industrial engineering and systems design. Civil engineering 
will be dealt with in Part III. 

The ACAP reports on mechanical and industrial engineering were debated by- 
COU on June 7, 1974. As a result of these discussions * Part H^f the Report 
and Recommendations was prepared and approved by Council on September 6, 1974. 

The principles, general observations, actions by COU and recommendations 1-5 
given in Part I apply generally and therefore have application to mechanical 
and industrial engineering. Similarly Recommendations 6,7 and 8 deal with 
doctoral work in engineering at Western Ontario, Windsor and Guelph, and, although 
the consultants' reports in mechanical and industrial engineering will be of 
value to these universities, no recommendations for them follow. 

Mechanical Engineering 

This section deals with doctoral work in mechanical engineering at Carleton, 
McMaster, Ottawa, Queen's, Toronto and Waterloo. 

It is recommended that: 

29. Carleton, McMaster and Queen's Universities continue their doctoral 
programmes in mechanical engineering and during the coming year 
give careful consideration to the feasibility of a stronger 
development of foci of interest in the special areas of strengths 
suggested by the consultants. The Universities are requested to 
report to COU and OCCS, through ACAP, during the Fall of 1975, on 
the results of these considerations. 

30. If the University of Ottawa wishes to reactivate a doctoral programme 
in mechanical engineering, it give careful consideration to the 

need for the department to have suitable industrial and research 
experience before applying for aporaisal. 

31. The University of Toronto continue its doctoral programmes in 
mechanical engineering in its Department of Mechanical Engineering 
and the Department of Aerospace Studies and Engineering. The 
University should consider the consultants' recommendation 

of a greater concentration of research activities of the Department 
of Mechanical Engineering on major problems of national concern. 
It is recommended that the University inform COU and OCCS through 
ACAP, during the Fall of 1975, of any decisions taken. 
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* 32. The University of Waterloo continue its doctoral programme 
in mechanical engineering. The University should 

consider the consultants 1 recommendation of a greater concentration 
o£ research activities on major problems of national concern* It 
is recommended that the University inform COU and OCGS through 
ACAP, during the Fall of 1975> of any decisions taken* 

T 

Industrial Engineering and Systems Design 

This section deals with industrial engineering at Toronto and systems design 
at Waterloo, 

It is recommended that: 

33. The University of Toronto continue its doctoral work in human factors 
engineering* management information systems and operations research, 

34 • ' The University of Waterloo continue its doctoral programme in 
systems design. 



Notes: Re Recommendation 33 

The University of Toronto is advised to expect about the same enrolment in 
doctoral work in industrial engineering as it now has, at least until such 
time as some new field of specialization may be approved. 

Re Recommendation 34 

The University of Waterloo is advised to give careful attention to the 
consultants* recommendations for strengthening its systems design doctoral 
programme before allowing the enrolment to grow. 



August 27, 1974. 
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I. RECOMMENDATIONS 
General Recommendat 1 ons 



CI 

It is recommended that COL' abandon the quota of 450 doctoral student 
enrolment in 1974-75, and plan on roughly the present enrolment for the 
n^ct five years, assuming greater interest by Canadian students in 
engineering graduate work. If this interest does not materialize, the 
enrolment will undoubtedly drop. In -any case, it is recommended that 
CODE bo asked to report annually to COU on enrolment and employment 
opportunities. 



C2 



It is recommended that steps be taken to inform potential candidates of 
the value of a PhD in many phases of government and industryv not only in 
research and development. The universities, individually and collectively, 
through agencies such as CODE, should discuss with the industrial and 
governmental employers steps to be taken jointly in order to overcome the 
shortage of Canadian students. 



C3 

It is recommended that the universities maintain the situation where 
Canadians and landed immigrants constitute at least 70% of the doctoral 
enrolment in any programme, at any one time, even though the number of 
landed immigrants may decrease 

C4 ' 

It is recommended that the universities, the provincial government, and 
granting agencies consider the remarks of the consultants and examine 
the extent to which the limit to student income deters Canadians from 
entering graduate work. Means of supplementing the income of professionally 
experienced students should be examined; increased contacts between faculty 
and industry could lead to increased industrial support. 



It is recommended that each Discipline Group monitor annually the admissions 
experience of each programme ( post facto ) and report on the quality of the 
admitted students to ACAP for transmission to COU. 

C6 

It is recommended that all doctoral thesis examining committees should 
have an examiner external to the university. 



ERIC 



i-. / 

It is recommended that each Discipline Group and CODE develop proposals 
for making information on graduate work in alt Ontario universities 
readily available to the engineering students, in some collective way 
and inform ACAV of the action taken. Kach lUscipline Croup should report 
annually on t<ho university last attended by the graduate students in 
each department. ^ J 

it is recommended that at the present any part-time or non-resident 
doctoral work should be by individual arrangement and that experimentation 
in this type of programme be encouraged. It is also recommended that 
the research topic of the student accepted on a part-time basis be in a 
field In which the professors in the department have expertise. It is 
recommended that OCGS examine existing university guidelines in this area. f , 

C9 

r 

It is recommended that the universities report to ACAP (for OCGS) each ^ * 
year on the time taken by each graduating student to complete his 
doctoral studies. 

y>niversity Kecommendations 

CIO ■ ) 

It is recommended that the University of Western Ontar io continue its 
examination of its Phi> programme In engineering science, and put forward 
the resulting programme for appraisal* in particular delineating 
carefully the areas of research in which it feels it appropriate to 
accept students. In case a favourable appraisal is not obtained by 
October, 1976, admission of new students should then be suspended. 

Cll 

It is recommended that the University of Windsor continue the reorganization 
of its doctoral work in engineering and submit all programmes (presumably 
these will be the three divisional programmes which are replacing the 
departmental programmes), for appraisal when the new system has been in 
operation sufficiently long to permit a valid appraisal. Enrolment of 
new students should cease after October, 1977, i£^i_ favourable appraisal 
has not been obtained by that date. ] 

> * 

C12 

It is recommended that the involvement of the School of Engineering in 
the hydrology doctoral programme at the University of Guelph continue and 
that the University begin doctoral work in agricultural engineering at a 
tine in accordance with the University's plans, subject to normal appraisal 
procedures. 
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Chemical Engineering 



C13 



It is recommended that the departments take note of the consultants 
recommendation 10 to group research activities in well-defined areas 
so as to establish or reinforce teams, thus providing a more stimulating 
environment for students. 



CU 



it is recommended that McMaster Un iversity continue its doctoral work 
in chemical engineering according to its plans. 



CIS 



It is recommended that the University of Ottaw a continue Its doctoral 
programme in chemical engineering according to its plans. 



C16 



It is recommended that Queers University reevaluate its doctoral 
programme in chemical engineering In the light of comments made by the 
consultants concerning research activity of the faculty, the grouping 
of research areas, the awareness of new trends in the discipline, and 
the mobility of its bachelor's graduates, and submit the programme for 
appraisal at the time that the University considers appropriate. If a 
favourable appraisal has not been received by October 1976, enrolment of 
i.tw students should be suspended at that date. 



CI 7 



It is recommended that the University' of Toronto continue its doctoral 
programme in chemical engineering ac^rdi^ to its plans, paying particular 
attention to Recommendation C7 regarding mobility of its graduates and to 
Recommendation C13 concerning grouping of research areas. It is recommended 
that the University of Toronto report to COU through ACAP by June, 1975, 
on action taken in regard to this Recommendation. 

CIS 

It is recommended that the University of Waterloo continue its doctoral 
programme in chemical engineering according to its plans. 

Civil Engineering 

C19 

It is recommended that COU recommend the continuance of the embargo on the 
funding of any new programmes in civil engineering until COU has accepted 



a piscipline Group report dealing adequately with the future role of 
eacit,departme.nt tn respect to the different fields of doctoral research, 
paying particular attention to the relative strengths and weaknesses of 
each ilepartment and the change in emphasis on fields recommended by the 
consultants. The report should be submitted to ACAP by December 31 » 
1974. ' 

Electrical Engineering \ 



C20 



It is recommended that the Discipline Group annually identify those 
areas of electrical engineering which they consider relevant to the 
present and future needs pf Canada and make, their findings available 
to* the granting agencies and various associations of industry in order 
to stimulate a continuing dialogue with industry . 

C21 ' ' ' ' 

It is recommended that Carleton University continue its doctoral work 
.in electrical engineering according to its plans. 

r 

022 

It is reconpended that McMas ter University con t inue its doctoral work in 
electrical engineering according to its plans. 

C23 

It is recommended that the University of Ottawa continue to offer a 
doctoral programme in electrical engineering restricted to theses in 
digital communication systems and large-scale systems. This limited 
programme is to be appraised as soon as possible* Enrolment of new students 
should cease as of Jecember, 1975 if a favourable appraisal has not been 
obtained. 



It is rucommended that &ueen y s University continue its programme in electrical 
engineering concentrating in the communications and systems fields* with 
occasionally a student in cognate areas of electronics and energy processing. 
Any proposed substantial developments in these latter two fields would be 
submitted for appraisal. It ,is also recommended that the department maintain 
enrolment at -its present level * 

C25 



It is recommended that the University of Toronto continue its doctoral work 
in electrical engineering according to its plans. 



It is recommended that the University of Waterloo continue its doctoral 
work in electrical engineering according to its plans. 

v Mechanical Engineering 

czi 

It is recommended that Carleton f MeMaster and Queen's Universities continue 
"their doctoral programmes in mechanical engineering and during the coming 
year give careful consideration to the feasibility of a stronger development 
of foci of interest in the' special areas of strengths suggested by the 
consultants. The Universities are requested to report to COM and iHXIS, 
through ACAP, during the Fall of 1975, an the results of these cons iderationi> 

C2S 

It is recommended that, if the University of Ottawa wishes to reactivate 
a doctoral programme in mechanical engineering, it give careful cons iderat i 
to allowing some further maturing of the department before applying for 
appraisal. 

C29 • • . . ■ . : : .. • .'• 

lr is recommended that the University of Toronto continue its doctoral 
programmes, in mechanical engineering in its Department of Mechanical 
Engineering and the Department of Aerospace Studies and Engineering. 
ACAP suggests that. the University consider the consultants* recommendation 
of a greater concentration df research activities of the Department of 
Mechanical Engineering on major problems of national concern. It is 
recommended that the Uftivernit? inform COU and 0CGS through ACAP, during 
the Kail of 1975, of any decisions taken. 

It is recommended that tlie University of Waterloo continue its doctoral 
programme in mechanical engineering. ACAP suggests that the University 
consider the consultants' recommendation of a greater concentration of 
research activities on major problems of national concern* It is 
recommended that the University inform COU and OCGS through ACAP, during 
the Fall ofH?75, of any decisions taken. i 

:. " Metallurgical and Materials Engineering 

It is recommended that the universities take note of the consultants' 
recommendations 1, 2, 3b and Jc, dealing with the weakness in certain 
fiJlds of study In the province and that the Discipline Croup report 
to ACAP on any., action taken in consequence of these recommenda t ions . 



i 
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Ci2 

It is recommended that MeMaster Unive rsity continue its doctoral 
programmes in materials" science and extractive metallurgy, and noting 
the strength attributed to these programmes by the consultants, make 
a report in the fall of 1975 on the following suggestions for 
improvement : 

a. recruitment of students with physics and chemistry backgrounds 

b. strengthening of the extractive metallurgy faculty 
collaboration with Toronto. 

It is recommended that Queen's University continue Its doctoral work 
in physical metallurgy and discontinue the doctoral programme in 
extractive metallurgy and mineral engineering as it now exists and replace 
it by an enlarged programme involving professors in other departments as 
suggested in the consultants' report. This new programme should be 
appraised and this should be completed by December 31, 1976. If Queen's 
Joes not wish to enlarge its programme in extractive metallurgy and mineral 
engineering, the present programme should be put forward immediately for 
appraisal, ceasing to enrol new students by .Tune 30, 1975, if a favourable 
appraisal is not obtained. 

J 



It is recommended that the University of Toronto continue its doctoral 
programmes in its Department of Metallurgy and Materials Science, It ts 
suggested that Toronto give careful consideration to the consultants 1 
recommendations concerning broadening the programmes and it is recommended 
that the 1'niversity report to COU through ACAP by September, 1975 f on any 
progress made in this direction. 

tllji 

it is recommended that the University of Waterloo continue its engineer Inn 
doctoral work in extractive and process metallurgy and in metallurgical 

engine* -ring and materials science according to its plans. 

M i n 1 ng V. n i ne e r i n g 

Q6 



It U recommended that Queen* a Univer sity continue its doctoral work in 
mining engineering in accordance with its plans. 



~7- 

Indust rla f J^nj^iaucr Ins and Systems Design 

CI? 

It is recommended that the University of Toronto continue its doctoral 
work in human factors engineering, management information systems and 
operations research. 

i:38 

it is recommended that the University o'f Waterloo continue its doctoral 
programme in systems design. 1 



< 



II. BACKGROUND AND PROCEDURE 



In June, 1968, the Committee of Presidents of the Universities of 
Ontario, after a meeting with the chairman of the Committee on 
University Affairs, decided that a comprehensive review of engineering 
education/ in Ontario should be undertaken. The Committee of Ontario 
Deans or Engineering (CODE) was requested to draw up plans for such 
a study, and this proposal was approved by the Committee of Presidents 
on November 15, 1968. The objective was to create: a roaster plan which 
could be used as a guide for rational growth of engineering education 
during the 1970's. Such a plan should endeavour "to provide for the 
highest attainable quality, the best use of resuurces, opportunity 
for innovation, and maximum freedom of choice,. for students. 

This study culminated in the report Ring of Iron prepared by a commission 
chaired by Philip Lapp. 

t . 
The report was received by the Committee of Presidents in January, 1971. 
A process.?of review of the report's recommendations was established, 
CODE prepared a brief based on statements of views submitted by 
each university concerned and by each Faculty of Engineering. Briefs 
were prepared also by the Ontario Council on Graduate Studies (OCGS) 
and the Association of Professional Engineers of Ontario. On 
October 5, 1971," the* Council of Ontario Universities (COU) considered 
Ring of Iron and the* briefs and prepared a statement of recommendations 
to the universities and to CUA. 

COU accepted a number of th&Lapp recommendations without change, others 
with amendments and rejected some. Broadly speaking, the recommendations 
to do with undergraduate matters were accepted or modified slightly. 
The graduate area of the report was more controversial, but here also 
some recommendations were accepted. The most significant of the 
recommendations concerning graduate study, as approved by COU, are: 

"The criteria of acceptability* of graduate degrees in engineering 
should be recast in order that a thesis based on desfgn or 
systems synthesis may be suitably assessed. This could involve 
the establishment of a new degree at the doctorate level." 

7 

"Both universities and industries should recognize joint appoint- 
ments as part of the career structure of their senior staff; 
these appointments should be increased as far as possible....* 
By this we understand a system of part-time appointments." 

"Over th*> next two years the estimated graduate enrolment of 
2,000 full-time equivalent students for 1970-71 be reduced 
by 17%, after which graduate enrolment should be limited to 
a number equal to the previous year f s bachelor graduations. 
The enrolment ficure applies to the engineering departments 
as identifed in- Ring of Iron ". 



.» 'The recommendation that the number of PhD students enrolled 
be reduced to 450 per year is fully supported by all groups - 
including COU. However* COU, along with CODE and OCGS, 
recommends that the figure of 450 be the target fur 1974-7-5, 
rather than for 1973-74, for reasons related to avoiding 
large fluctuations in enrolment as explained In the OCGS 
critique.*' 

"The Lap> report recommends sppc if ic numbers of PhD enrol lees 
for each of the universities including discontinuance of the 
PhD enrolment in certain universities. COU feel s_t hat the 
reasons for the numbers chosen .or for the elimination of 

certain doctorate programmes are not fully documented in the 

Lapp report. COU also agrees with CODE and OCGS that 
attention must be given to the numbers of doctorate 
enrollees by discipline as well as by university. For 
these reasons COU recommends that for the year 1972-73 .- 
doctorate enrolment be reduced in each university below * 
the projected figure for 1971-72 by a pro. rata percentage 
in order to provide 612 doctoral candidates (the number 
required to achieve the target of 450 In 1974-7 5). Pre- 
liminary acceptance of the OUGS method for reducing PhD 
enrolment (by limiting new PhD enrolments to achieve a 
total system number of 450 by 1974-75) is based on plans for 
discipline planning assessments respecting PhD programs to 
be initiated immediately and completed as rapidly as 
possible. Such assessments will be- carried out by ACAP 
in cooperation with CODE; they are to incorporate capability, 
demand and quality correlates, and are to be used to provide 
specific recommendations on changes for the total PhD 
, enrolment, and for the division of the enrolment amongst 
universities and amongst disciplines. The assessments are 
to incorporate a review of the e fleets of the pro rata 
reductions in 1972-73, and to recommend a mechanism for 
continuing review of PhD enrolments." * 

On receipt uf this instruction from COU, ACAP and CODE established a 
liasion committee (Ayers, Billon, Ham, Johnson, Shemiit, Mcintosh, Preston) 
which drafted procedure for the assessments* It may be noted chat 
the committee considered a model in which the assessments were based f 
not on the five traditional departments found in ^engineering faculties, 
but rather on interdepartmental areas of research; the practical 
difficulties of conducting the assessments led the committee to 
recommend the five-fold subdivision actually used. 

The procedure developed in this way was approved by ACAP on March 17, 1972, 
and by COD on April 7. The procedure (except for minor data amendments) 
is that in Appendix D to this report* In writing to indicate its 
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approval CODE expressed their understanding that two objectives would 

be- met ; .... 

"1. To provide a rational basis for doctoral work in engineering 
and for confirming or nod if ying the limitation on enrolment 
suggested by Lapp* • 

■2. To conduct a feally effective assessment of the quality of 

our current doctoral programmes . '* 

, . . ." . 

CODE went on to emphasise the need of adequate resources to obtain the 

best consultants. ... 

In order to begin the planning assessments, the ACAP/CODE liasion 

cossmittee called a. meeting of members of the five Discipline Croups 

(Chemical, Civil, Electrical, Mechanical, and Metallurgical Engineering). 

This meeting on April 12, 1972, indicated a good deal of faculty 

resistance to the conduct of the planning assessments and uneasiness 

about some perceptions of some aspects of the approved procedures. 

This resulted in a delay in, mounting the assessment. ... CODE suggested 

a Coordinating Task Force, consisting of two members of CODE, the 

chairman of each Discipline Group, and a member of ACAP could review 

the procedures. ACAP advised COU to agree to this request and the 

COt* axecutive did so on June' 9, 1972. This Task Force held meetings 

on June 29, July 27, September 1, September 25, November 29, 1972 and 

March 19, 1973. It suggested two slight additions to the procedures 

as approved earlier by COU. These ^ere approved by COU on September 25, 1972. 

The Task Force also produced a document clarifying. some aspects. of. the 

procedure in detail, and a statement of some educational philosophies 

concerning doctoral study. These documents are referred to in the 

terms of reference of the consultants. The Task Force also advised 

ACAP (and so did universities) on how to fake into account for planning 

purposes those doctoral programmes in Faculties of Engineering which 

did not fall obviously into the fields covered by one of the five 

consulting teams. It was eventually decided that: 

a) both the metallurgy and the mechanical engineering consultants 
would be asked to consider the metallurgical work within the 
Department of Mechanical Engineering at Waterloo 

» 

b) no advice from exi.ernal consultants would be sought on the doctoral 
programme in mining engineering at Queen 9 s 

i 

c) a small-scale "pla^ming assessment" involving two consultants would ! 
be carried out in industrial engineering and systems design * 

d) In view of the fact that all current doctoral students at Guelph are 
in hydrology and that the field of agricultural engineering is also 
proposed, the civil engineering consultants would be asked to consider 
the Cuelph doctoral work, with the understanding that if they so wished 
ACAP would facilitate a consultatign for them with someone in a 
department of agricultural engineering 



e) the mechanical -engineering consultants be asked to consider the 
doctoral work at the University of Toronto Institute of Aerospace 
Studies and in aeronautical engineering at Carleton, with the 
request that they consult also with another of the ACAP consultants 
<on the Electrical Engineering team) . who., had expertise in some of 
the I'tlAS work outside mechanical engineering and also with an 
aerospace specialist « 



f) advice on the future plans of the Department of Management Science 
at Waterloo would be sought. f rom the consultants In the planning 
assessment in Administration, Business and Management Science, 
with a comment also provided by. the consultants on industrial 

" engineering. 

g) no special arrangements were needed in connection with biomedical 
engineering at Toronto siuce the corresponding institute has no 
graduate programme of its own, and the future doctoral plans are 
covered in the statements from each of the associated departments. 

Item f will be dealt with La a later report. The remainder are 

covered in this report. The mechanical engineering consultants informed 

ACAP that they did not require the assistance suggested in item e. * 

In October, 1972, CODE proposed that a study be carried out, under the 
a«gis of the newly established Canadian Engineering Manpower Council, 
and with financial support from a number of agencies, in order- to make 
recommendations about "supply and demand" for engineering doctorates. 
This would be expected to be of great value to the planning assessments. 
ACAP agreed to this suggestion, provided funds towards the costs, and 
incorporated reference to the study into the instructions for the 
consultants. In the evenr , 'he study proved rather disappointing; it 
is discussed later in this report. 

As a result of suggestions from the Discipline Croups and after receiving 
comments from -the Coordinating Task Force and from, CODE, ACAP agreed on 
consultants aft its meetings of September 7-8> October 13 and December 18, 
1972. The consultants who finally acted were: 

Chemical E ngineering ; Dean P. Grenier of Universite Laval, 

Dean W. R. Marshall of the University of Wisconsin 

Professor L. Yaffe of McOill University - 

Civil Engineering ; Professor W.W . Eckenfelder of Vanderbilt Universil 

~ " Mr. 5. V. Martin of Alan M. Voorhees and 

Asscciates Ltd., Professor G. C. Meyerhof of 

Nova Scotia Technical College, Dr. J. L. Boulct ■ 

of Hydro-Quebec. 

Electrical Engineering : Professor A. D. Moore of the University of British 

Columbia, Professor M. E. Van Valkenberg of 
Princeton University, Dr. M. P. BachyAski of 
RCA Research Laboratories 
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Mechanical Engineering ; Professor H.W* Emmons of Harvard University, 

Dean C. Ford of Che University of Albert a f 
Dr, R. D. Hiscocks of the National Research 
Council of Canaua, Professor S«G f Mason of 
McGill University " * 

Metallurgical Engineering : Professor J.J. Jorias of McGill University, 

Professor T.B. King of the Massachusetts 
~ Institute of Technology, Professor W^S* Owen 

- of Northwestern University and ML'I.T.v • 

Dr. W.B. Lewis of Atortic Energy of Canada Ltd, 

Brief curricula yitarum appear in Appendix Gy In each case, the last n^ratrd 
person played the role of a senior Canadian trom outside the discipline. 



The consultants held their first meetings at various dates in April and 
May, 1973 and in fcach case met with the appropriate Discipline Croup, 
arranged the schedule of visits, discussed their character and had 
general discussion with the Discipline Croup about the task before them. 
The visits took place in the two or three months following these meetings. 

•V The consultant teams each submitted a draft report in September, which was 

the subject of oral discussion with the Discipline Group at a meeting within 
a few days of the receipt of the draft* Each consultant team then sub- 
fitted its report. These reports were sent for comments to the universities, 
to the Discipline Groups and to CODE, each of which sent comments to ACAP 
at various dates in November, December and January. 

A™ subcommittee of ACAP began consideration of the report to COU, before ail 
the comments were in hand and continued its work through March, 1974, reporting 
regularly to ACAP and receiving instructions. Early in its meetings the 
committee identified some points on which further information and reactions 
were required. In particular, the need for fuller advice froia the consultants, 
was felt in the cases of civil and mechanical engineering. Such further 
advice was sought, with results discussed in the relevant sections of this 
report. ACAP ajso thought some further information would be helpful in 
connection with three of the universities and arranged meetings with officials 
of these universities and members of ACAP. 

This report is based on the consultants 1 reports, the data collected for the 
study, the universities f comments and supplementary material from some of 
them, the Discipline Groups 1 responses, and the other documentation referred 
> to in the procedures and terms of reference. The report sets out recommendations 
for COU on doctoral work in engineering in Ontario for the next few years. 

As is required, ACAP presents this report directly to COU. It has also been 
transmitted for information to OCGS, CODE, and the Discipline Groups. 



III. G ENERAL RECOMMENDATIONS 

This section of the ACAP report contains r ecommendat ions that are 

of general concern to all of engineering. Some of these recommendations 

have bean mentioned consistently in all the reports while others, 

although found in only one report, are applicable to all doctoral 

programmes. 

Enrolment and Manpower Forecasts 

In the summer of , 1973, the Canadian Engineering Manpower -Council 
released Its report entitled Supply and Demand for Engineering Doctorates 
in Canada . This report was partly financed by ACAP and was given to all 
the consultant teams prior to their- writing of their reports. It 
generally states that the supply of engineers in the next, five years will 
exceed the demand. 

. . . . ■ . ' . . . ' * . . . * 

A summary of the comments made by the engineering consultants concerning 
this report shows that they all independently disagree with the 
projections made in the CEMC report. They believe there has been no 
overproduction of PhDs to date and, in fact, there appears to be a 
shortage of metallurgical PhDs. Each team believes that the need for 
engineers will not decline, as predicted by CEMC but that the overall 
demand will continue and in actual fact, all but the civil engineering 
consultants believe it will increase. 

ACAP had originally intended to publish a critique of the CEMC report. 
However, CODE in its repsonse to the engineering reports, Appendix H, 
has included a statement on this report covering all the points ACAP 
wished to make. ACAP's critique will not be reproduced, but we feel 
that the CEMC repoii is not an adequate basis for manpower planning in* 
engineering. Since all the consultants agree that supply will not exceed 
demand but perhaps rather the reverse, the question of supply of qualified 
students must be" studied. The main problem will be attracting Canadians 
into engineering gtaduate work. In 1972-73, of the 518 F.T. engineering 
PhDs, 28.6% were Canadian, 53.3% were landed immigrants and the remaining 
18.1% were on student visas. 

Changes in the immigration regulations make it harder to become a landed 
immigrant. Since one can no longer apply for landed immigrant status 
while in Canada, those that come on student visas will presumably return 
to their homelands. Coupled with this is another new regulation that 
a teaching assistantship is no longer classified as a job, thus making 
it harder to obtain landed immigrant status. Consequently, ACAP 
feels that the percentage of landed immigrants in graduate work 
will drop while the number of students visae will increase. Financial 
support for people on student visas is scarce. There are very few 
scholarships or bursaries open to them but in engineering they may be 
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supported from contract fuiuls* In any case t there will b« funds f or 
only a few. Although Canada has a role to play in providing advanced 
technical education for the underpriviledged countries of the world , 
this should i>e kept to a reasonable level and should not exceed 30% 
of engineering doctoral enrolments. 

CODE, on page Ut9 of its response* states that "unless the proportion 
of Canadian bachelor degree graduates choosing to undertake PhD studies 
changes drastically, the numbers of qualified applicants coming forward 
wii 1 certainly dec; line".; tfhere are suggestions that student stipends 
be increased. We remain unconvinced that stipends need be any higher 
in engineering than in any other field, but there is one exception - § 
and this is that people with substantial professional experience 
returning to graduate study should be supported at a higher level. 

ACAP is inclined to agree with the ^ University of Waterloo's comment, 
page €-29 in its response to the chemical engineering report, that the 
best way of attracting Canadian students is a "change b the general 
atmosphere surrounding doctoral workr^tn engineering in this country 
and to convince the brightest young Canadian students that there are 
challenging opportunities for advanced work in Canadian industry", 
increased dialogue with industry as well as up-to-date information on 
jobs available would make the employment picture brighter and more 
alluring to prospective Canadian graduate students especially if the 
number of industrial scholarships were increased and more interaction 
were seen to be taking place between industry and university. 

This dialogue with industry is needed to ensure that more Canadians 
continue in graduate work. If industry indeed has a place for the 
taster's or doctorate in engineering, more must be done to encourage 
good students to stay in university instead of taking a job after the 
bachelor's degree. Industry in its hiring policies cad encourage this. 

The chemical engineering consultants recommend that the universities 
should endeavour to, develop entrepreneurship in students* They feel 
"this is a quality so badly needed at present in Canada". 

It Joes not seem as though Ontario will overproduce engineering PhDs in 
the nuxt five; years. The question is rather whether there will be enougl 
qualified students. In view ^f this possible shortage, the following 
recommendations 4re made by ACAP. 

Recommendation Cl 

It is recommended that COU abandon the quota of 450 doctoral 
student enrolment in 1974-75, and plan on roughly the present 
enrolment for the next five years, assuming greater interest 
by Canadian students in engineering graduate work. If this 
interest does not materialize, the enrolment will undoubtedly 
drop. In any case, it is recommended that CODE be asked to report 
annually to COU on enrolment and employment opportunities. 
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Reeoramendat io n C£ 

U is recommended that steps be taken to inform potential 
candidates of the. value of a . PUP in many phases of government 
and industry, not only in research and development. The 
universities, Individually and collectively, through agencies 
such as GODEv should discuss with the industrial and governmental 
employers steps to be taken jointly in order to overcome the 
shortage of Canadian students. 

Recommendation C3 

It is recommended that the universities maintain the situation 
where Canadians and landed immigrants constitute at least 
' 70':,; of the doctoral enrolment in any programme v at any one time, 
u «,. n though the number of landed immigrants may decrease. 

R eco"ireendat ion C4 

it is recommended that the universities, the provincial government, 
and granting agencies consider the remarks of the consultants and 
examine the extent to which the limit to student income deters 
Canadians from entering graduate work. Means of supplementing the 
income of professionally experienced students should be examined; 
increased contacts between faculty and industry could lead to 
increased industrial support. 



Admi ssions 



ACAP »*'»es not support the view held by the electrical engineering 
constants, namely that admitted doctoral candidates should have first 
class standing and- proven research ability. Many students who graduate 
with high second class honours have become excellent research engineers. 
Tin, ..sual minimum standard of the better departments is a high B and all 
the consultants agree that high standards of admissions prevail generally. 

Recommendation C5 

It is recommended that each Discipline Group monitor annually the 
admissions experience of each piogramme ( post fac to) and report on 
the quality of the admitted students to ACAP for transmission to COU. 

CODE agrees with ACAP on the annual post facto analysis of admission 
practices (page H-3). The chemical engineering consultants have suggested 
"that should it be found that students have been accepted who, in the 
opinion of the committee, do not fulfill the minimum requirements, the 
committee advise COU that a recoraraendat i,on be made to the requisite 
authority suggesting no B1U be awarded for that student". ACAP does not 
feel this to be necessary at the present since regular reporting by the 
Discipline Group should exert considerable pressure if an institution 



repeatedly admits students of a low standard* 

Und u r g r adua tryA Ur ad ua t e Re la t ionsh ip 

Some consultants assert that each department should provide all 
levels of study: bachelor! s, master f s and doctoral* Some go so far 
as to 'say that a doctoral programme in each department is essential* j 
CODE, on the other hand, ieels that what is important .or a good / 
undergraduate programme, is research and prof esslonal activity by the » 
f acuity , and that this can be car r led forward without graduate student 
although at present the research activity is most easily carried on 
through graduate prograoaaes (page H-3)» ACAP agrees with the position 
stated by CODE and indeed applies it to all subjects, not only engineering! 
but with the comment that in many fields it is not difficult for a 
professor to be active in research without having graduate students* 
We would point out that the other position would imply that no department 
should exist unless it can operate an effective doctoral programme, 
a view which we find impossible to accept. The absence of sufficient 
research and professional activity by professors would raise questions 
about the quality of a department and hence of its undergraduate 
offerings, whether or not it offered doctoral work. 

Thesis Quality 

Recommendation C6 

It is recommended that all doctoral thesis examining committees 
should have an examiner external to the university. 

Since some of the consultants have made reference to the make-up of 
examining committees ACAP would wish to endorse this practice of 
including an external examiner* 

Critical Size 

We agree with COUE that tner* j must be sufficient ramje of interaction for 
the student and that the judgement as to the presence of this interaction 
must include consideration of the involvement of persons outside the 
students department and should include post-doctoral fellows and research 
associates as well as students. Although these planning assessments 
were vertical, as CODE suggests, each department was asked to state the 
extent of this interaction in its university. We agree that there is 
no a prior i reason why a small school cannot provide as satisfactory an 
environment as mn a large school. The question is not one of principle, 
but one of fact: does university A in fact provide the requisite environment 
for interaction for the average student in its department X? 



Most of the consultants considered this question carefully and made specific 
comments but others provide no evidence that they examined the matter in 
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any of the universities While most agree that successful programmes 
can exist In 'small an well as large departments , the consultants still 
expect a wide rar^ge, of courses to be offered. This in turn requires a 
certain number of students to make the courses economically feasible and 
academically stimulating.. 

Mobility of Students 

The chemical engineering consultants are concerned about the lack of 
mobility of engineering students* They do not consider it a good 
educational experience to s^udy for all three degrees, the bachelor* s* 
the master f ^Tnd the doctorate , at the- same university* Such a programme 
leads to inbreeding $nd sameness and precludes any chance for. the student 
to come in contact with different faculty, students* milieu and methods* 

(me sometimes hears a professor accept this in theory, but then say that 
in practice the student roust not be prevented from going to the university 
of his choice. That view appears to us to be correct, provided the student 
choice is made on sound academic grounds, based on good information of 
the opportunities that are available to him, and taking account, of 
course, of the undesirable aspects of remaining in one university. 

Kecommendation C7 . 4 

It is recommended that each discipline Group and CODE develop 
proposals for making information on graduate work in all Ontario 
universities readily available to the engineering students; in some 
collective way and inform ACAP of the action taken. Each Discipline 
Group should report annually on the university last attended by the 
graduate students in each department. 



Part-time Programmes 

In 1972-73, 182 of the doctoral students studying engineering were doing 
so on a part-time basis* 65% of these students were Canadians and 
another 32.5% were landed Immigrants. It would appear that these part- 
time programmes are being used by the profession to upgrade the skills 
and knowledge of its practising engineers. \ 

The consultants seem divided on the issue of part-time programmes, some 
saying "such undertakings should be rarely encouraged 1 * and others, 
"full encouragement should be given to part-time doctoral programmes. 11 
ACAP feels that there is a place for the part-time programme and that 
careful attention should be devoted to designing part-time programmes, 
bearing in mind the strengths of the departments. One of the dangers 
sometimes noted is that students become involved, under a part-time 
supervisor, in a project in an area in which the full-time staff has 
limited expertise; this is not recommended. 



Recommendat ion C8 

It is recommended that at the present any part-time or non-resident 
doet oral work should be by individual arrangement and that experi- 
mentation in this type of programme be encouraged* It is also 
reconsnended that the research topic of the student accepted on 
a part- time basis he in a field in which the professors in the 
department have expertise, It is recommended that OCGS examine 
.existing university guidelines in this area. 



Cooperation 

Ofte of the main points -that all tti£ consultants agree upon is the rieed 
for increased cooperation both within and between universities. The 
chemical engineering consultants found a need for increased inter- 
action between the engineers and the pure science faculties. Spine of 
the other consultants felt the need for more communication and cooperation 
between the universities and industry and government. Lastly* more 
effective use could be made of the resources in the province if the 
universities themselves joined together in some form of cooperative 
endeavour. CODE endorses this last point quite strongly in its 
response, page H-4. Sharing of equipment, discipline meetings and an 
interchange of credits for graduate courses are a few of the methods 
listed by CODE that are to be encouraged on the way to making this 
cooperation a meaningful and workable venture* ACAF concurs with the 
statements made by the consultants and CODE and strongly support 55 their 
implementation. 

ACAP intends to request that each Discipline Group report regularly 
to ACAP on interuniversity cooperative arrangements. 



Faculty 

Two sets of consultants found enough disquieting evidence in the engineering 
faculties of the province to suggest that the requirements for a faculty 
member, eligible to supervise graduate students, should be reviewed and 
enforced. ACAP takes no position on whether or not there should be a 
separate Graduate Faculty, but there must be a mechanism to ensure that 
only those faculty with proven research ability and productivity 
supervise graduate students. 

Since this concern has been mentioned in other assessments, ACAP feels 
it is time that OCGS conduct a review of this area. 
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Tltae to Reach Degree 

The electrical engineering consultants were concerned about the 
length of time taken to obtain the PhD. As they pointed out v the 
average student at one university took 13-20 months longer to complete 
his doctorate than his counterpart at another university. As a 
whole » they found the average t ime of study to be excessive . 

* « 

Rseogpendatipn C9 • y~_ 

It is recommended that the universities report to ACAP (for 
OCGS) each year on the time taken by each graduating student 
'*• to complete his doctoral studies, .< 
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IV. UNIVERSITY RECOMMENDATIONS 



Engineering was split into five separate assessments, one for each of 
the five traditional fields of engineering. Two universities. Western 
Ontario and Windsor, do not administer their doctoral engineering work 
along these lines but rather on an interdisciplinary basis that cuts 
horizontally across enein«!»?r*ug. For this reason, these two universities 
art? being dealt with separately and not as part of the more standard 
approach evident in the f ive assessment reports. Similarly, Guelph also 
is included in this section. 

UnlversTty of Western Ontario 

The University of Western Ontario began to offer doctoral work in 
engineering in 1965. Since then, twenty FbDs in Engineering Science 
have- been granted. From the beginning effort has been made to emphasise 
its Interdisciplinary •.nature. and; there has been a limited number of 
areas in which the student may do his graduate training. At no point 
has a doctoral degree been given in the so called traditional fields *f 
"ttgineeriftg. " 

There are seven main research areas in which a student may obtain a 

PhD in Engineering Science. They arc 1. Ceotechnical 2. Boundary Layer 

Wind Tunnel 3. Chemical and Biochemical Process Development and Design 

Material Science 3. Systems 6. Applied Theirtsodynamics and 7. Applied 
Electrostatics. Environmental engineering aspects can be studied in 
all these research areas except Material Science. 

Western 1 s response to the collective engineering picture gives the 1973-74 
enrolment as 29 F.T. and 15 P.T. doctoral students. In the additional 
„dat a given to ACAP, IS Ul ' the 37 current students' programme of study 
Outlined were In the chemical engineering field, d were civil, 5 mechanical, 
and 3 each in electrical and material science. 

The chemical engineering consultants have provided evidence of that programme 
being of good quality. The systems research area depends heavily on 
^ht'isical engineering. ACAP, therefore, concludes that the research areas 
^Chemical and Biochemical Process Development and Design, and Systems are 
oi satisfactory quality. 

The metallurgical engineering consultants have recommended that the Material 
Science programme become a part of an interdisciplinary programme rather 
than an exclusively material science one. This was in part based on the 
fart that the group is small and spends most of its time teaching at the 
undergraduate level. They are "carrying a large programme for a group which 
iA r.uberitical in size." From the additional uk*Lei ial supplied by Western, 
there is little evidence of interdisciplinary activity for students who 
might be doing research in this area. ACAP concludes that this area should 
not be operating at the doctoral level. 



The areas of meehanlcal engineering doctoral research work are subsumed 
under the main research area, Applied Thermodynamics. The consultants 
indicate that the doctoral research connected with heavy water is. of 
good quality but they raise very serious questions about the doctoral 
work in acoustics. They feel this area should be restricted to work at 
the master's level. 

The -civil engineering consultants did not make comparative judgements, ' 
but from some of the phrases used to describe the Boundary Layer Wind 
Tunnel Laboratory such as '* internationally known", ACAP has no reservations 
in recommending continuance of doctoral work in this research area, even 
though it appears to have little interaction with other groups. The 
civil engineering consultants told us nothing about the Geotechnical 
area and we, therefore, had difficulty in recommending a position to be 
taken with regard to this field. 

The last research area, Applied Electrostatics, is the most difficult to 
assess. The electrical engineering consultants have recommended dis- 
continuance of the doctoral programme. They feel the students are 
getting top narrow a training in electrical engineering. We observe, 
however, that The students are not considered to be studying for a PhD 
in electrical engineering, but rather for a general degree in engineering 
science. Although there are only a few faculty members in this area, they ar 
internationally known. The main problem would, therefore, seem to be 
the extent to which the doctoral training in this area is of an inter- 
disciplinary nature. From the data available to ACAP, we are unsure. 

In the course of discussions with representatives of the University of 
Western Ontario, it became clear that the Faculty is involved in a 
thorough ^re-examinat ion of its doctoral programme. It is committed 
to the concept of an engineering science PhD but is reconsidering the 
appropriate areas of research. While it is not entirely accepted by 
ACAP that all the activity is noticeably different from that in engineering 
departments elsewhere, we nevertheless believe that this intention of i 
the Faculty should be encouraged. A corollary is that it must be very 
careful about the research areas in which it accepts PhD candidates; we 
have already commented on these and note the standard of quality seems 
variable. 

These considerations have led us to formulate the following recommendation. 
Recommendation CIO 

It is recommended that the University of Western Ontario continue 
its examination of its PhD programme in engineering science, and 
put forward the resulting programme for appraisal, in particular 
delineating carefully the areas of research in which it feels it 
appropriate to accept students. In case a favourable appraisal 
.is not obtained by October, 1976, admission of new students 
should then be suspended. 
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University of Windsor 

Bar Jy in 1971 , the Faculty of Applied Sc Unce at .the University of Windsor 
began to examine the structure of graduate programmes within the Faculty . 
in order to improve their operation, avoid needless and costly duplication 
of graduate course offerings and to attempt to create a greater cross- 
tertiiizatioti of research by involving faculty members f rom dif fereuu 
engineering departments in various facets of a larger research plan. This 
examination led tp:.the recpwenUatiQti. that .^9diM|^: : St^iiB9\M>V!tfrat«<l' on 
a divisional basis, with the seven undergraduate departments being 
consolidated under tliree graduate divisions, namely Engineering Process » 
Ues-ign, Structures and Systems. The three divisions wai*ld each elect a 
chairman who would decide on course offerings and enrolment levels. The 
three chairmen, one elected member from each division, one graduate student 
arid the Dean of Applied Science form a Coordinating ConuaiJrtee to over see; 
and coordinate the wishes of the Divisions. This plan was approved in 
Spring 1972 and is now being implemented. 

S<>me of the traditional departments such as chemical and electrical fall 
eo«uieieiy in one division. Ail the rest aTe split between two as can be 
seen in the attached Table I. 

There are nine identifiable research areas , each of which have participating 
•faculty from at least two of the old departments and these nine areas are 
in turn divided fairly equally among the three divisions. 

The degrees awarded will retain the old titles, for example, a PhD in 
Chemical Engineering, but the interaction of the individual student with 
others in the Facult> will be greatly enhanced* Depending an his research 
t v opic» the student might take as many *s hair his courses from professors 
In other 'departments*. 

The consultants' comments concerning Windsor vary, but a number of their 
reports imply some duuuL or uncertainty concerning tne relevant departmental 
programme, either with respect to the sit"*Uion at the time of their visit, 
or in connection with its future direction. The chemical engineering 
consultants suggest that Windsor be reviewed in greater depth* The metallurgical 
engineering consultants recommend the integration of engineering materials 
faculty in the new divisional system* The mechanical engineering consultants * 
call for more emphasis on master's work. In the case of electrical engineering 
the consultants indicate that good work is now being done in doctoral education 
in two fields, agree with the present plans for no significant growth in 
enrolment and for no expansion of fields, and go on to recnnmu*nd a review 
after five years,. 

In view of these considerations ACAP feels the University of Windsor should 
be given time to produce a viable interdisciplinary system of doctoral 
engineering studies before that system is b rough t f orwar d for appraisal. This 
appraisal would determine the level of quality in the new divisional system 
and whether or not significant interaction has been achieved between the, 
staff and students of the various departments* 
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Table I 

Organization of Engin eering Doc toral Work at the University p f _ V indsor 
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Kec ufflfflen da t ion 0 1 1 

It iss recommended that thi? University of Windsor continue the 
reorganization of its doctoral work in engineering and submit 
ail programmes (presumably these will be the three divisional 
programmes which are replacing the departmental programmes), 
for appraisal when the new system has been in operation 
sufficiently long to permit a valid appraisal. Enrolment of 
new ^tudeats should cease ^fter October, 1977. if a favourable 
appraisal has not been obtained by that datfe. » 



Uni versity of Guelph 



I he University of €ueiph has for sometime offered an. -interdepartmental 
PhD programme" in Hydrology in which its Engineering School plays a part. 
It also plans to develop doctoral work in agricultural engineering, 
which it already offers at the master's level. There are no other 
programmes in agricultural engineering in the province. \ 

Hie matter of the interdepartmental programme would appear not to be 
central to this assessment. It would not be inappropriate for the 
Civil Engineering Discipline Group to k^ep this programme in mind 
when carrying out the study called for in Recommendation C19. Nevertheles 
it seems unnecessary to await the Discipline Group report to make the 
rcco*nrn«_'ndation which follows.* 

From tne planning viewpoint, there seems no reason to do other than 
accept Lb* University's intention to begin doctoral work in agricultural 
engineering, whenever it fe^ls the rime is ripe and the proposal has 
passed appraisal. 

Rc c ov.mc nd a 1 1 o n ( * 3 2 

It is recommended that the involvement of the School of Engineering 
in the hydrology doctoral programme at the University of Guelph 
continue hnd that the University begin doctoral vork in agricultural 
engineering at a time in accordance with the University's plans, 
subject to normal appraisal procedures. 

s 



* it may- bo noted that COi* did not accept Recommendation 



V. CH'fcMlCAL KNiOjiEOUNO 



rhi?i action of the ' ACA1' report will deai with the. recominendat ions Found 
in the chemical engineering consultants ' report. There will be no 
reference made to Western or Windsor since these two universities were^ 
mentioned in a previous section. It is important . that the consultants' 
report and the university and discipline group responses be read at the 
same time as this ACAP report. 



Roc omhendat ion V.I 3 



It is recommended that the departments take note of the consultants' 
recommendation 10 to group research activities in well-defined areas 
so as to establish or reinforce teams, thus providing a mum 
st initiating environment' for students. 

Ke c ommend a 1 1 on C 1 4 

It is recommended that Monaster University continue its doctoral 
work in chemical engineering according to its plans. 

McMaster specializes in process simulation, waste-water treatment, polymer 
engineering, chemical reaction engineering and catalysis, and transport 
and separation processes, with stronger emphasis on the first two areas. ^ 
Hie consultants f^el that McMastc-r's goals for the future arc "realistic 
and appear to be "achievable and productive". 

Recommendation CIS 

It is recommended that the University of Ottawa continue its 
doctoral programme in chemical engineering according to its plans. 

The University of Ottawa specializes in three main areas including 
thermodynamics and transport properties; kinetics, catalysis and reactor 
engineering; and transport processes. There has recently been a shift 
towards a greater environmental emphasis. The consultants encouraged 
Ottawa to keep up with changes in the areas of research and graduate 
teaching and move into these new areas whenever possible. 

' ^ !£ ommendation CI 6 

It is recommended that Quecn f s University reevaluate its doctoral 
programme in chemical engineering in the light of comments made by 
the consultants concerning research activity of the faculty, the 
grouping of research areas, the awareness of new trends in the 
discipline, and the mobility of its bachelor's graduates, and submit 
the programme for appraisal at the time that the University 

-considers appropriate. If a favourable appraisal has. not been 

received by October 1976 , "enrolment of new students should be 
suspended at that date. 
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Queen's University 'specializes in the following five doctoral 'research 
areas: biochemical and environment engineering , chemical kinetics and 
reactor Uesign, process control and simulation, thermodynamics* and 
transport phenomena* These areas coyer most of chemical engineering 
making a rather uniform distribution of effort. The publication records 
of only two professors are very good, all the rest be i$g average or low* 
This raises questions as to the activities of the faculty since their 
connections? with professional and scientific societies can be described 
as "only mildly artfive". The consultants feel alarm at the number of 
Queen* s bachelor 1 $ graduates who undertake, graduate work at the same 

institut ion* ' 

< - , 

On. tHv opt i.ml.ytie. side, the consultants note that "the very excellent 
development planning and programme forecasting suggests that the 
department*^ goals and future research activities Will be relevant and 
responsive to the prevailing needs of the province". 

ACAP suggests that Queen 1 s might consider strengthening its present 
faculty* or ai tentatively, it might consider consolidating its existing 
wide scope of research areas. As to inbreeding of students, ACAP draws 
Queen 1 h attention to Recommendation C7. 

Recom mendation C17 

It is recommended that the University of Toronto continue its 
doctoral programme in chemical engineering according to its plans, 
paying particular attention to Recommendation C7 regarding 
mobility of its graduates and to Recommendation CI 3 concerning 
grouping of research areas. It is recommended that the University 
of Toronto report to COU through ACAP by June* 1975 on action taken 
in regard to this Recommendation* 

The University of Toronto lists eight areas of specialization* all of which 
show a ratiier uniform distribution of faculty effort* The exception is a 
marked emphasis on applied chemistry. The consultants would like to see an 
effort to group the staff in given areas of research instead of the present 
policy of allowing a staff member "to select his own path". The consultants 
did not find Toronto's statement on its plans particularly helpful and they 
offered no comment on it, other than to say that* "it is doubtful whether 
any. increase above the present enrolment would be beneficial to these new 
students or to the student body as a whole". The University of Toronto should 
also encourage mobility of its graduates to the benefit of other departments 
and of the students alike. 

Recommendation C18 

It is recommended that the University of Waterloo continue its 
doctoral programme in chemical engineering according to its plans. 



The University of Waterloo has grouped its research activity into five 
areas including biochemical and food engineering, extractive and process 
metallurgy ♦polymer science and engineering, mathematical analysis arid 
control, and transport processes and kinetics. The scope is wide, 
covering a large part of chemical engineering but, there are defined 
groups to coordinate the programmes. Although the consultants considered 
the statement of goals and objectives "less positive and definitive" 
than others, they were pleased to note Waterloo's intention "to ensure 
research activities by the use of more post-doctoral fellows and hired 
research assistants (non-degree candidates) If this should become necessary" 
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VI, CIVIL 1CNC1SKER1NC 



The report of the civil engineering consultants contains a number of 
important re commend at ions of a general character* 

Tfit-ir discussion of the manpower situation supports our Recommeijdat ion Cl . 
I' hoy suggest that it would be wise to expect rather fewer students than 
the totality of the stated university plans* Considering the uncertainty 
of the manpower analysis and th^ size of --the numbers inyO'lved > ACAP docs 
not feel it desirable to formulate any reconunendat ions about individual 
enrolment* ACAP docs advise each university to consider the likelihood 
that the doctoral enrolment, in civil engineering may fail still further 
unlifss the fraction of Canadian students increases substantially from 
its present levei e of about 25^. 

Their consents that the "study of a civil engineering speciality in depth 
necessitates increasingly # „. some graduate work", reinforces our Recommendation 
i.£ concerning puhl ic iaing the value of graduate work, 

rhev ar^ae for more part-time work and closer liaison with industrial and 
Si>vi'rrink'ntal laboratories* llecomroendat ions C2 and C8 touch on this point. 

i'he consultants on pages A-18 anc| A-35 express their concern that students 
■ttuid to remain for graduate study at their undergraduate universities, 
often l^eing unaware of offerings elsewhere. We make recommendations on 
this prohlea in Jiecominendation C7. 

the consultants perceive a need for "more consistent requirements of 
.-H-ceptuneu. . between universities 1 *. Although we do not recommend the 
particular remedy they suggest we do make Recommendation C4 in this 
connection. 

on matters specific to e ivil engineer ing, the consultants stress the need 
tor more emphasis on fields other than structures. They call for less 
stress on "traditional areas, particularly structural engineering, and more 
stress on mul tidlsciplinary education, environmental ongirtoerin^, and 
transportation". They suggest that "change of programme emphasis in civil 
engineering (will) lead to some, growth in faculty when generally universities 
are expecting a fairly static period". On pages A-49 and A-50, they quantify 
Lais shift by asking for a 2G£ reduction in doctoral enrolment in structures 
(I.e. a drop of about 15 students) together with a corresponding increase, 
roughly equally in transportation and water resources. Perhaps rather 
surprisingly they then suggest that no university should offer a new field 
at the doctoral level. (On page A-52 they also suggest that no university 
reduce "the range of its doctoral programmes" but on page A-51 they add 
"unless that university desires otherwise". ) 

The consequence of this stance, based on pages A-25 to A~29, is summarized 
in Table 2- 



Table 2 



/ CIVIL ENGINEERING 

/> oss tbie Consequences of the Consultants' Recommendations 
f on Enrolment and Field Emphasis 
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LEGEND: R - reduce enrolment 
S - static enrolment 
I - increase enrolment 



NOTE* Guelph, Western Ontario and Windsor are not 
included in the chart as they are dealt with 
elsewhere. (See section on University Recommendations.) 



There are difficulties in accepting these recommendat ions. For example. 
If one asks what the shifts pf enrolment from structures would be, to 
total around 15, one comes up with something like: Carietun 2, McMaster 0, : 
Ottawa 3, Queen T s 2, Toronto 4, Waterloo 4. -.Looking then at transportation 
one finds "doctoral programmes at Larleton, Toronto, and Waterloo which might 
increase by 2 or 3 at each place. One has to 4sk if this is -the best way 
to develop more high quality doctoral work. Would it be a better strategy 
to encourage Carleton, for example, to build a somewhat larger group than 
1 or 4 students? There is another concern* Are all the .transportation 
groups of equal promise as places to do doctoral work? If not, should \^ 
some he strengthened more than others ? If we really believe in penny- \ 
packet enrolments, could a fourth university perhaps enter this field? 
The consuitants 7 report provides no satisfactory discussion of these 
quest ions to justify its proposals. 

Kqually unsatisfactory, and perhaps more basically disturbing, is the 
consultants 1 failure to give any discussion whatsoever (with three small 
/exceptions) of the facts and reasoning which led them to conclude that all 
I existing programmes are satisfactory. This may be so, but the rationale is 
i far from clear. As the appended correspondence (Appendix 1 to this section) 
I shows, the consultants decline to discharge their terms of reference, in 
/ particular C3c and the paragraph following C3d. (See Appendix D) . 

In particular, although the matter of critical academic enrolment size is 
discussed in generally acceptable terms , in that the proposition is stated 
that there is no a priori reason to assume a small school cannot provide 
as satisfactory an environment for a PhD student as a big school , the 
consultants neither state the characteristics of such an environment nor 
do they make any effort to show that it exists in the several small 
programmes they examined. Although it is no doubt possible to make the 
justification in several cases, nevertheless a question must still loom 
unsettled as to the academic strength (from the potential students* 
viewpoint) of several of the programmes, namely Carleton, (Juelph, McMaster, 
and perlwps Ottawa and Queen's* (None has been appraised*) Of course the 
consultants 1 report, due to the lack of rationale in it, gives no reason to 
suppose that the larger departments are necessarily of suitable quality either* 

ACAP cannot justify to itself recommending the acceptance of the consultants 1 
plan, calling as it does for static enrolment, small shifts of emphasis 
in fields, and no new developments in any department. We feel that the 
question of the best way to develop doctoral work in transportation and 
water resources must be more carefully canvassed and that whatever the 
answer be it must be adequately justified. Some evaluation of the quality 
of the programme in each broad field at each university must be available 
before we can make any credible recommendation. 

ACAP would like, at this point, to draw attention to the Discipline Group's 
response, Appendix B. The members of the group feel the consultants did 
not "seize their unique opportunity to make quality judgements" and failed 
to "address themselves to the question of quality in the planning function 
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in their conclusions and recommendations . " The group thinks that a 
statement that "documents the sundry strengths and weaknesses, if they 
exist, could well increase the value to those on whom the responsibility 
for planning ultimately rests". ACAP therefore makes the following 
recommendation. # 

Recommendation CI 9 / 

It is recommended that CPU recommend the continuance of the 
embargo on the funding of any new programmes in civil engineering 
until COU has accepted a Discipline Group report dealing 
adequately with the future role of each department in respect 
to the different fields of doctoral research, paying particular 
attention to the relative strengths and weaknesses of each 
department and the change in emphasis on fields recommended 
by the consultants. The report should be submitted to ACAP 
by December 31, 1974. ^ 

We regret that this recommendation is necessary. We note (page A-5) 
that the Discipline Group had not prepared for the consultants the 
report called for by the agreed procedure (page D-6). We note also that the 
consultants state that they "have formed (their) own judgement about 
the strengths of different civil engineering departments and the areas 
in which they are likely to be able to attract high quality students - 
we regret that the consultants are not willing to share these judgements 
with the Ontario university community which employed them. 
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NOVA SCOTIA TECHNICAL COLLEGE 
>. BOX 1000 
tUFAX. H. 8. 

CIVIL INGINECRlMG 21 February 1974 




Professor M.A. Preston - 
Executive Vice-chairman 
Advisory Committee on Academic \ 
Planning \ 
Council -of Ontario Universities \ 
102 Bljoclr Street West 
Toronto fi5S IMS, Ontario 

i 

Dear Proifessor Preston: 

i • . .. 

Further to our recent telephone conversations, I have 
npw heard from all my colleagues who fully agree with my 
fetter to you of 4 December 1973, 

As mentioned in this letter, we did not discuss the 
question of quality in our Report since none of the civil 
4 engineering doctoral programs were found to fall below 
minimum acceptable standards. 

Moreover, we did not feel the need, nor were we 
required by our terms of reference, to make relative qual- 
ity judgements regarding the strengths or weaknesses of 
individual areas or departments, because in our Report we 
did not recommend any change in the number or the range 
of doctoral programs offered by any school, including the 
various areas of specialization of the smaller universit- 
ies . 

Since the civil engineering discipline group, as 
well as most universities, find our Report on the whole 
acceptable, we think that little is gained by getting 
into an area which might be interpreted as an appraisal 
or accreditation assessment. 

Yours sincerely, 




G. G. Meyerhof , Head 
Dept. of Civil Engineering 



lb 

c.c. J.L. Boulet 

W.W. Eckenfelder 

B.V. Martin 
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NOVA SCOTIA TECHNICAL COLLEGE 
P. 0. BOX 1000 
HALIFAX. N. S. 

civil cN6iN££fttNs 4 December 1973 



Professor M. A. Preston 
Executive */ice-Chairman 
advisory Committee- on Academic 
Planning 

Council of Ontario Universities 
102 Bloor Street V T est 
Toronto H5S 1M8, Ontario 

Dear Professor Preston j 

After returning from the west coast, I found your let- 
ter of 29 November and enclosures, which T read with inter- 
est. 

In reply and following our terms of reference, we had 
not discussed the question of quality in our report since, 
in our opinion, none of the civil engineering doctoral pro- 
grams were found to fall below minimum acceptable standards. 

I am looking forward to the comments of my colleagues, 
in this regard. 

v ours sincerely, 

G. G. Meyerhof, Head 
Dept. of Civil Kngineerinci 

\ 
\ 



lb 

c.c. J.L. Boulet • 
. w.w. E eke n f e lder 
B.V. Martin 



ADVISORY COMMITTEE ON ACADHMIC PLANNING 
Ontario Council on (iraduaic Studies 



ProJcssor VI V PivnUuv 
f\t am it- i it v-C thurtmn 



November 29, 1973 



< iff Se 11 iM OS I AKln 1 MV I KMMi S 

JU* Bit MM SfU'Ct V\vM liirnlitci I * 1 . 1 'itt.itht 
****** 



Postal Code: M5S 1M8 



Mr* B. V* Martin 
Prof. G. G. Meyer ho f 
f Prof. W. W. Eckenfelder, Jr. 
Dr. J* T,. Boulet 



Gentlemen: 

1 am enclosing ail the university comments we have received on your planning 
assessment report and the formal response from the Discipline Group. You will 
recall that it is intended to publish these statements. 

You will see from the comments that there is considerable dissatisfaction in 
the universities and in the discipline group with your failure to come to terms 
Z : with your task of giving us your findings an the relative quality of the doctoral 
work in the different areas of civil engineering in the different departments. 
We on ACAP have to agree that one of the most important aspects of the terms of 
reference you undertook is the statement of strengths and weaknesses of departments f 
and that without tt the report lacks ■. -edibility • If you are asserting that all 
fields offered for doctoral work are competently dealt with wherever they are 
offered, it will follow that civil engineering is a paragon amongst disciplines. 
Even if true, it does not help the universities to decide which areas* to strengthen. 

In one of the few specific comments, you do suggest that McMaster should emphasise 
earthquake engineering. Do you think its work in water resources is strong enough 
that it should seek to expand or maintain that, or, when you recommend greater 
emphasis on water resources, do you expect this to be achieved at Ottawa, Toronto, 
Waterloo and Windsor for example? McMaster (and the others) would like to know. 
You tell the University of Western Ontario to emphasise boundary layer wind tunnel 
work; but what about their geo technique? Since Guelph now has 5 students in its 
hydrology programme, how can it be exploiting its unique facilities for agricultural 
engineering if its enrolment becomes 4 to 7? Is it ejepected to cut back on hydrology 
To consider this, it would be accessary to know how valuable Guelph 1 s hydrology work 
is and how substantial is the potential of its agricultural engineering programme. 

I mention these points only as examples of the kind of question on which your adivce 
would be helpful. The general point is that your judgements of quality by department 
and by area are important. You recommend that transportation be strengthened; we 
ask, where? If all the departments say "here", how are decisions about resource 
allocation to be made without the quality, judgements you were expected to give? 



One of the aspects of academic quality has to do with the size of the student 
enrolment. You will see from the university responses that there is some 

difference of opinion, rite official position of COU. recently adopted, is as 
follows: - 

'••The quality of graduate programmes Is partly dependent on size, and for each 

programme, depending on how it is designed and its scope, there is a minimum 

size of enrolment below which quality may suffer. That number cannot be expressed 

for the discipline as a whole but only for individual programmes depending on 

their purpose, their resources and their design," •- .'"TV" ' 

Rtjcommendation 4 on page 52 of your report is not inconsistent with the above 
stateaent, but vou do not indicate what criteria determine the satisfactory 
environment." in ACAP we have identified two areas which we believe should be. 
examined in this connection. One is the opportunity for the students' development 
throuRh informal Intellectual discussion with a peer group with common engineering 
or scientific interests. This peer group need not consist only of students; it may 
aUso include post-doc t;oral fellows. It need not be confined to one department, 
but may include students in other departments if there is a real sharing of research 
interests. The second main area for consideration has, we feel, to do with graduate 
courses. Assuming that a course with, say, 5 or 6 students who interact is a 
much more satisfactory experience than one with 1 or 2 students, we see that the 
desirable enrolment size is a function of course structure. If there were a 
programme which did not require courses, this second criterion of size would not 
apply. But if it is felt that students should take a substantial number of 
courses ( as appears to be the case in all the Ontario departments), then the 
consideration is valid and the situation needs examination. 

It appears that some of our departments plan enrolments as small as 6 to 12. 
It may be that some of these departments, because of specialization, course 
structure, post-doctoral and master's population and interdepartmental collaboration, 
offer an academically sound experience for the student, while other departments 
with the same enrolment may not. Each case needs evaluation separately. 

This brings us back again to the desirability of your giving a detailed analysis 
of each university. We request evaluation of quality by area of study of each 
department, including an analysis of the kind of intellectual milieu established 
for a student by the enrolment size. 

I hope you realize that we have a problem of reconciling the reports of the 
consultants on the various engineering disciplines. One report of which there 
seems to be pretty general approval is that dealing with electrical engineering. 
,0f course not all its details are accepted by everyone, but the style and coverage 
of the report has not been attacked. I enclose a copy, since it may make clearer 
what I have been trying to say in this letter. 

After you have had a short interval to consider the letter, I shall telephone 
Professor Meyerhof to discuss the mechanism of your response. We "need your assistance. 

Yours sincerely, 
51. A. Preston 




MAP/cew 
Enclosures. 



Th if -section of the ACU* report will. '-ileal with the recommendations found 
in the erkctricfil engineering consultants 1 report* There will be no 
references to ^estern Ontario or Windsor sincd these two universities 
were mentioned "in a previous sect ion. It is important tliat 'the consultants 1 
report and the university and discipline sroup responses be read at -the 
same time as this ACAP report* 

Recommendation C20 

It is recommended that the Discipline Group annually identify 
those areas of electrical engineering which Lhey consider relevant 
to the present and future needs of Canada and make their findings 
available ro the granting agencies and various associations of . ■ 
industry in order to stimulate a continuing dialogue with industry. 

Other Discipline, Croups' might also consider this reconraendation. 

Kec ommendat ion C21 ... 

It is recommended that Carleton fniver^ity continue its doctoral 
wo**k in electrical engineering according to its plans. 

The work in electrical engineering at Carleton is divided into two department 
Electronics and Materials Kn^ineering which includes solid state device 
electrunics. circuits and circuit theory* microwave electronics and electron 
beam systems and processes and the Systems Engineering programme which 
concentrates on information systems such as* communications and signal 
processing, decision and control* digital systems design and software 
engineering* The coverage within these two areas is well integrated, 
coordinated and appropriate for PhJj training. The enrolment increase propose 
by Carleton is within the competence and capability of the present staff* 

Kecummeniat ion 02 2 

It is re commended that Mc Master University continue its doctoral 
wurk in electrical engineering according to its plans. 

MeMaster has outstanding strength in three areas of graduate research and has 
plans to strengthen a fourth* These are communications and data processing, 
modelling and design, materials and devices and, lastly, .m»dical el eetronie*. 
Tike electrical engineering programme at McMnst^r is of high quality, with a 
productive and dynamic faculty. 

Recommendat ion (]23 

It is recommended that the University of i)ttawa continue to p|fer a 
doctoral programme in electrical engineering restricted to'uteses in 
digital communication systems and large-scale systems. This 
I limited programme is to be appraised as soon tas possible. 

Enrolment of new students should cease as of December, 1975 if a 
favourable appraisal has not been obtained. 



the department at Ottawa spec ializes in three areas * communication systems * 
control and systems, and computer engineering* With a faculty of 11* the 
consultants felt that they were spread over a rather large area of electrical 
engineering. A small department with a small number of staff and students 
can operate an effective doctoral programme only with competent professors* 
complementary fields of study and an adequate research environment* The 
consultants recommend discortt tnuing th« programme, ACAP has considered both 
the consultants 1 report and the university's comments and has concluded that 
Ottawa has a contribution to make to graduate electrical engineering study 
in operating a specialized programme of limited scope and enrolment* 

Kecotmflendat ion C2U 

It is recotaaended that Queen's University continue its programme 
in electrical, engineering concentrating in the communications and 
systems fields* with occasionally a student in cognate areas of 
electronics and energy processing. Any proposed substantial 
developments in these latter twc fields would be submitted for 
appraisal* It is also recommended that the department maintain 
enrolment at its present level. 

The areas of specialization at Queen's are communications, systems* 
electronics* and energy processing* The consultants state that the work 
in communications is good but is only fair in systems* and that the 
Department should not offer a programme in he latter two fields on a 
regular basis. However* we suggest that an occasional student be allowed 
to do a thesis in one of these fields. ACAP accepts the consultants 1 view 
about enrolment which was made an academic grounds* not for planning 
reasons. 

Recommendation C25 

It is recommended that the University of Toronto continue its 
doctoral work in electrical engineering according to its plans, 
> i . • ■ ■ .... , • . • 

Graduate work at the University of Toronto covers seven areas including 
communications* computurs, control* power devices and systems* solid state 
electronics* wave sciences, and biomedical electronics. The coverage of 
these fields is more than adequate and Toronto* s M star-studded M faculty 
are spread over the sev^n areas indicating significant breadth across the 
department. The consultants conclude that the Toronto department compares 
favourably with any of the major institutions in North America. 

Recommendation 

It is recommended that the University of Waterloo continue its 
doctoral work in electrical engineering according to its plans. 

The University of Waterloo concentrates in five ma )or areas including 
computers and communications; control* systems and networks; devices* circuits 
"and materials; power engineering; and, antennas and electromagnetic 
engineering. There art- tvu minor fields* blocn>* inhering and ulcc t roacuust ics* 
and these fields should be limited in size to the present level of activity. 
With Waterloo-* highly competent faculty and well-equipped facilities, thore , 
Is no question that the enrolment level planned by Wat^loo can be accommodated. 



VIII, MKCHAK 1CAL i£NC I NKF.K I Ml 



There are a. number at" general rt»eomm*»iWHt ions and comments made in the 
mechanical engineering consultants f report that are aimed at the system 
as. 4 whole. Recotmncndat tons for the individual universities -follow this 
more general section* 

The mechanical engineering consultants do not anticipate any* oversupply of 
mechanical engineers* They believe no "artificial edict" is necessary to 
control the number of Phtfs* On the contrary, they suggest the problem 
wil 1 be one of availabil ity of good students* The consultants think 
that Ontario might* in fact, have a shortage of mechanical engineers. 

"traditional classical" versus "applied" research projects and a shift in 
emphasis of study are the next problems attacked by the consultants. They 
feel tliat the doctoral education of today should shift more towards ptoject 
and design activity. To this end, they advocate increased dialogue and 
cooperation with outside agencies such as industry and government. "If 
we look at the problems before us today in the fields of energy, transportation, 
or the environment, it is apparent that there are many gaps in the knowledge 
which should be attacked systematically to provide the basic design data 
which is essential to advances in engineering and advances generally in 
technology on the broad front". The consultants also recommend a change in 
emphasis in fields of study. Some areas of research that need to be developed 
are listed on page A-14. 

The consultants do not condone departments that attempt to be good in all 
fields. They feel specialization is the key and that "considerable selectivity 
is required in the choice of a particular area of concentrated effort". This 
choice of areas of concentration should be left up roiue universities. ACAP 
agrees with this outlook but notes that the initiatives of each department in 
Ontario are matters for collective consideration and advice. ACAP advises 
the departments to consider the consultants 1 suggestions noted in the addendum 
an*) auks that they report on progress made after a year of mature consideration. 
After this time, the Discipline Group, in its normal role, would continue to 
consider the development of new areas of graduate study and the possible entry 
into neglected fields in mechanical engineering in Ontario and would make 
.recommendations to ACAP where change is desirable. 

x\nother problem the mechanical engineering consultants addressed was the one 
of faculty age. Since the Ontario universities have been through an expansionary 
period in the sixties, a large proportion of the faculty is below 45 years old, 
consequently lacking something in maturity and industrial experience. The 
consultants feel that although the retirements in the next several years will 
be few, the universities should take these opportunities to introduce new blood 
by appointing faculty with industrial experience. 

It is important that the consultants* raport and the university and 
discipline group responses be read at the same time as this ACAP report. 
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Recommendat ion C27 

' ' . v c . — ■ — . . . ... ... 

It is recommended that Carleton, McMaster and Queen* s Universities 
continue their doctoral programmes in mechanical engineering and 
during the coming year give careful consideration to the feasibility 
of a stronger development of foci of interest in the special areas 

pt strengths suggested by the consultants. The Universities are 

" requested to report to". COU and OCGS, through ACAP, during the Fall 
of 1975, on the results of these considerations* 

The Mechanical Engineering consultants* in their addendum, give valuable 
suggestions for focussing research activities in each department. These 
suggestions appear to be based on both planning grounds and grounds of 
academic quality, but alternative research foci may not be ruled out. 
Consequently, ACAP recommends that the three doctoral prograismes continue 
but that each university note. the consultants 1 comments and report on 
progress in a year's time. 

Recommendation C28 

It is recommended that, if the University of Ottawa wishes to 
reactivate a doctoral programme in mechanical engineering, it 
give careful consideration to allowing some further maturing of 
the department before applying for appraisal* 

The consultants, in ti eir remarks concerning the University of Ottawa, 
page A- 17, recommend that the work in the Mechanical Engineering Department 
be incorporated in an interdisciplinary programme leading to an undesignated 
Phi) degree* ACAP notes the university response, page C~14, which states that 
they wish to "reactivate" the doctoral programme, before discussion of this 
new proposal* We do not at this time make a recommendation on the future 
form of engineering PhD work at the University of Ottawa. There appear to 
be no planning reasons why there should not be a programme at Ottawa in 
mechanical engineering, but the consultants have serious reservations about 
the suitability of a number of the research projects of the department and 
about the limited industrial experience of its staff members* 

Recommendation C29 . 

It is recommended that the University of Toronto continue its doctoral 
programmes in mechanical engineering in its Department of Mechanical 
Engineering and the Department of Aerospace Studies and Engineering* 
ACAP suggests that the University consider the consultants* recommendati 
of a greater concentration of research activities of the Department of 
Mechanical Engineering on major pfpblems of national concern. It is 
recommended that the University inform COU and OCCS through ACAP, during 
the Kail of 1975, of any decisions t^t"'n. 
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We draw the .attention. of the University of Toronto to the consultants* 
suggestion that the Department of Mechanical Engineering concentrate 
research on problems of major, national concern. UTIAS should note the 
consultants' comments on the need for selectivity within the broad 
spectrum of the expertise of the staff, in such areas as plasma science, 
low density gas dynamics^ subsonic aerodynamics , flight dynamics, 
Shockwave phenomena and noise. The consultants also favour increased 
interaction with work in relatpd fields on the main campus. 

Recommendation C3Q 

It is recommended that the University of Waterloo continue its 
doctoral programme in mechanical engineering. ACAP suggests 
that the University consider the consultants* recommendation of 
a greater concentration of research activities on major problems 
of national concern. It is* recommended that the University 
, inform COU. and OCGS through ACAP, during the Fall of 1975, of 
any decisions taken. 

ACAP notes the consultants' suggestion that the department concentrate 
in Production and Automation. We also take note of Waterloo's response 
which lists strengths in other areas. We recommend that Waterloo consider 
the consultants' idea of developing foci of research interest and report 
on any action thought desirable. 

The University of Western Ontario and the University of Windsor have not 
been discussed here, since there is no need for any recommendations In 
addition to those in the section on University Recommendations, page 20. 




IX. METALLURGICAL AND MATERIALS ENGINEERING 



This section of the ACAP report will deal with the recommendations found 
in the metallurgical engineering consultants* report. There will be no 
references to Western Ontario "or Windsor since these two universities 
were mentioned in a previous section. It. is important that the consultants 1 
report and. the-. university and discipline group responses be read at the 
same time as this AC/VP report. 



Recommendation C31 ■ ■ / 

It is recommended that the universities take note of the consultants* 
recommendations 1, 2, 3b and 3c lf dealing with the weakness in certain 
fields of study in the province and that the Discipline Group report 
to ACAP oh any action taken in consequence of these reoramendations. 
. . . • n 

The consult ants find it surprising that there is s6 little effort in the 
ceramics and glasses fields of study, Evc-n more striking to them is the 
absence of any work in polymers in the Departments of Metallurgy and Materials 
Engineering. In their first few recommendations, they consider it very 
important to rectify these neglected areas and ACAP feels this is a job for 
the Discipline Group. They also feel it is important co strengthen already 
existing "areas of study and in particular create at least one internationally- 
known centre of materials science activity. 

. Recommendation C32 

It is recommended that McMaster University continue its doctoral 
programmes in materials science and extractive metallurgy, and 
noting the strength attributed to these programmes by the consultants, 
make a report in the fall of 1975 on tne following suggestions for 
improvement: 

a* recruitment of students with, physics and chemistry 
backgrounds 

b. strengthening of the extractive metallurgy faculty 

c. collaboration with Toronto 

The materials science programme at McMaster is considered by the consultants 
to bp the be.^t programme of this kind in Ontario and probably in Canada. It 
is ff he only programme that covers adequately the basic science related to 
all VtaSses of materials including polymers. The enrolment could be easily 
dcublW' without developing the need for any significant increase in resources 
allocated to the .programme, but enrolment, here, is limited as in so many 
other areas of engineering, by the number of qualified students. 

The extractive metallurgy programme^ although not as strong as the materials 
science one, provides very suitable research for the doctoral thesis. The 
range of the programme is, however, inadequate but cooperation with other 
McMaster Departments andf with the University of Toronto will greatly enhance 
the operation of this programme. 



ACAP suggests that >U*Master -consider th6 point* -put forward by the , 
consultants and that the university report to ACAP on any action taken 
with regard to these recommendations, 

i\t* cOiiyftciidat I on l!33 

It is recommended that Queen 1 s University continue its doctoral 
work in pliysical metallurgy and discontinue the doctoral programme 
in extractive metallurgy and mineral engineering as it now exists 
and replace it by an enlarged programme involving professors* in 
other departments as suggested in the consultants* report. This 
new programme shouid be appraised and this should be completed by 
December 31, 1976* If Queen's does ^ jnot. wisH ta enlarge its . . 
programme in extractive metallurgy and mineral engineerings the 
present programme should be put forward immediately for appraisal , 
ceasing to enrol uew students by June 30, 1975 if a favourable 
appraisal is not obtained. 

The consultants consider the programme in physical metallurgy at Queen's 
a good, traditional type of programme taught by young and talented faculty. 
Although it would make a suitable base on which to build a programme in 
materials engineering, the consultants do not recommend that Queen's do so< 

The programme in extractive metallurgy, on the other hand, is not ao well 
off. It is seen by the consultants to be inadequate in its present form, 
with too small a range of courses* too limited an amount of research 
activity, and ineffective interactions with other departments and programmes. 
But the consultants feel it is necessary to strengthen and develop this field, 
to provide the needed PhD graduates and maintain Queen* s part in a history 
of leadership in Canada in mineral engineering, geology and related fields. 

the enlarged programme of extractive metallurgy is envisaged by the consultant 
to consist of support from the Departments of Metallurgical Engineering, 
Chemical Engineering, Mining Engineering and Geology* ACAP realizes that 
cooperation cannot be legislated, but it must have some formal structure in 
order to make the various professors aware of their part in a cooperative 
venture and secure the recognition of their departments for the effort 
devoted to the venture. 

K^congncndat ion C34 

It is recommended that the University of Toronto continue its 
doctoral programmes in its Department of Metallurgy and Materials 
Science. It is suggested that Toronto give careful consideration 
to the consultants* recommendations concerning broadening the 
programmes and it is recommended that the University report to 
COV through ACAP by September, 1975 on any progress made in this 
direction. 

Toronto hat; an international reputation for its graduate work, in extractive 
metallurgy. However, the range of courses is limited; this situation could 
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be improved through conpor.it i cm vith McMn*tcr. The consultants feel this 
would provide a good base from which to* develop a programme In 'mineral 
one inhering and extractive metallurgy and thev advise the university to 
do so.- ■ ...... - - ■ ■ 

In addition to those who work In extractive metallurgy there is another 
group of professors in the department who describe their work as physical 
metallurgy and materials research* These people working; with added 
specialists in polymers and electrical aud^pptical properties of materials 
would form a group eanahle of mounting a substantial programme fn materials 
engineering* N .. . 



Recommendation (HS 

It is recommended that, the University of Waterloo continue its 
engineering doctoral work in extractive and process metallurgy 
and in metallurgical engineering and materials science according 
to its plans. 

Waterloo has no specific programme in materials and does not off er a PhD 
labelled as metallurgical engineering or any allied field* instead, students 
are trained in extractive metallurgy in the Department of Chemical Kngineering 
and there is a group of metallurgists and materials scientists in the 
Mechanical Engineering department. The consultants felt their effort was 
of su<*h high q^alitv that if this group were constituted as an administrative 
unit* thev would be the strongest and most comprehensive graduate programme 
in materials engineering in the province. The consultant* recommend setting 
up a separate administrative structure. However, the unit (all In one 
department) appears to i unction <vll without serrate administration and 
ACAP does not feel that such a structure is imperative. Waterloo will, 
no doubt, consider the consultants 1 suggestion. 



X; MINING ENGINEERING 



Queen's University of fers the PhD in mining engineering ♦ This is unique 
in the province* Although the enrolment is small • the programme appears 
to fill a distinct need/ The University projects no enrolment increase, 
showing only 4 students in 1977-78. 

On the basis of the statement of future olans made bv the University, 
re comment!: ■■ ■ ' 

Recommendat ion C 36 

It is recommended that Queen's University continue its doctoral 
work in mining engineering in accordance with its plans. 



XL' ISnrSTRlAL fcXClNEKR lSC AND SYSTi&S DESIGN 



This section of the ACAP report will deal with the recommendations found 
in the industrial engineering and systems design consultants* report. 
.It will contain recommendations on the Universities of Toronto and Waterloo. 
ACAP suggests that the University of Windsor take -careful: note of the 
recommendat ions made in this consultants' report but at this time ACAP 
make* no specific recommendat ions , on doctoral work in industrial engineering 
at Windsor since it is part of the earlier. Recommendation Cll, 

The general recommendations in this report echo many of those found in the 
earlier consultants' reports. These consultants* estimates of manpower 
supply and demand <«loselv follow those made by the other consultants and 
are discussed more fully in the nacond part of this ACAP report. Related 
to this is the need to increase the Canadian content in engineering 
programmes. Recommendations CI and C3 refer specifically to these two 
points. 

ACAP notes that the universities do not consider the establishment of 
a co-ordinating committee to be very important. We hope that talk's are 
normally taking place between the three departments and that they will 
continue. ACAP feels there is no need to set up a formal Discipline Group 
to ensure discussions but if those concerned wish to do so it can be arranged. 

Apain, as in the other consultants' reports there is seen to be a need to 
circulate Information to the student concerning the various programmes in 
order to ensure he selects the programme best suited to his objectives. 
This problem has been addressed by Recommendation C7. 

ACAP endorses the consultants* recommendations 6,7,8,9 and 11 and does not 
wish to make any particular comments on these recommendations. 

Recommendation (' 37 

It is recommended that the University of Toronto continue its doctoral 
work in human factors engineering, management information systems and 
operations research. 

In its response to the consultants' report, the University of Toronto seems 
in general agreement with the recommendations made concerning its programme. 
ACAP notes that the Department has already made the appointment suggested in 
recommendation 3. 

As far as future enrolment is concerned, ACAP suggests the university continue 
to expect approximately the same enrolment as it now enjoys. In accordance 
with standard appraisal procedures, a shift in fields of specialization to 
programmes in health systems and energy systems would require referral to the 
Appraisals Committee tt> determine whether or not an appraisal is necessary. 



A review of the enrolment expectations would be made at that time* 
For the present t a continued output of 3 or 4 PhDs a year should be 
expected by the university* This should not be regarded as a quota but 
rather as the outcome of the present situation of fever qualified 
.students and falling enrolments* It should be noted that the University 
of Toronto has maintained a high percentage of Canadians in its industrial 
engineering programme in comparison to other engineering programmes both 
in the University of Toronto and elsewhere. 

Recommendation C38 ' ^ 

It is recommended that the University of Waterloo continue its 
doctoral programme in systems design* 

ACAP takes note of the response of the University of Waterloo to the 
consultants 1 various recommendations concerning the Department's isolation 
its "soft" course content and the quality of recent staff appointees* 
Despite the possibility that enrolments may Increase in this field and 
despite the comments from the University f ACAP considers that Waterloo 
should give careful attention to the consultants f recommendations for 
strengthening the programme before increasing the enrolment* 
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The consultants wish to express their appreciation to Professor 
M. A. Preston, who established the guidelines for the ..study and who 
briefed the consultants prior to the actual visitations at the three 
universities in Waterloo, Toronto, and Windsor. The data and information 
prepared by Miss Susan Cale were very helpful in the assessment ^tudy and 
the consultants are grateful for her assistance. 

'Unfortunately, it is not possible to recognize individually here the 
many administrators, faculty, and students who were so gracious to us, 
but most significantly, responded so freely -and candidly to the many 
questions, often quite sensitive and critical that the consultants raised 
during their visitations. Without their cooperation and assistance, it 
would have been impossible for the consultants to generate a meaningful 
report. The consultants are most thankful to all of them. 
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Salient Terms yt Rctoru ni'o, and Procedure of , Consultants 

1. Special study was to be conducted for ACAP of Rfa.JQv work in 

Industrial Engineer Lng at Toronto and Windsor f and Systems Design 
at Waterloo. f . 



Two consultants were chosen by ACAP fru.p. a list by the universities 
involved: Dr., Albert G. HoUman, Professor of Industrial Engineering 
" at the University of Pittsburgh, and Dr. Letfi A. Zadehy Professor 
of -Electrical Engineering and Computer Sciences at the University of 
California in Berkeley. 

3. No discipline group was involved In the study. 



4. The consultants spent one day at each of the three universities: 
December 18, 1973, at Waterloo, December 19, 1973, at Toronto, and 
January 3, 1974, at Windsor. ' 

5. The consultants' terms of reference were similar to those in the 
engineering planning assessments. 

6. The consultants were asked to comment on the current and proposed 
program in Management Sciences at Waterloo, discussing its nature, 
quality, and relation with the program in Systems Design. During 
the visitation at Waterloo the consultants requested the opportunity 
to meet with faculty in Management Science. The meeting could not 
be arranged because of tightness of schedule. 

A briefing was held for the consultants by Professor M. A. Preston 
on the evening of December 17, 1973, in the office of the Advisory Committee 
on Academic Planning (Ontario Council on Graduate Studies). Prior to this 
meeting the consultants received the following information for review: 

1. Procedure and terms of reference for consultants 

2. Terms of reference of consultants - Chemical Engineering 

3. Ontario Council on Graduate Studies, By-Law No. 3 

At this meeting Dr. Preston distributed the following materials to 
provide an information base. 

1. Industrial Engineering Doctoral Planning Assessments prepared 
for Toronto and Waterloo. These are essentially data bases. 
It is important to note that these were prepared in 1972-73, 
and there may be discrepancies with 1973-74 data. 
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Ring of Iron - A study of Engineering Education in Ontario - 
December 1970. „ 

3* Statement by the Couneii on Ontario Universities and Responses 
by Cora^i ittee of Ontario Deans of Engineering, Ontario Council 
on Graduate Studies, and Association df Professional Engineers 
of the Province of Ontario to Ring of Iron: A Study o£ 
Enginee/ing Education in Ontario. 



-4« Supply and Demand for Englnee^rin^ Doctorates in Canada » 
/ Canadian Engineering Manpower Council, July 1973. 

!>. Ph*D. Planning Assessment inChemical Engineering - Report of 
the Consultants, 1973. f 

* 

b. Report on Chemistry, 1973* 

Before the visitation at Windsor, the consultants received a copy of 
the industrial Engineering Doctoral Planning Assessment for Windsor, and 
also its "Statement of 5 Year Plan as Projected for ACAP Doctoral Planning 
Assessment C^S-WE)." The consultants were instructed by Dr. Preston to 
request the 5 year planning statement while visiting Toronto and Waterloo, 
since they were to have been prepared. They were informed during their 
visitation, however, that these planning statements were not available. 

In addition to the above data bases, the consultants received bulletins, 
brochures, technical reports, publications, and other material to help them 
in the assessment of the doctoral programs. 

Prot^ly most importantly, the information and data received from 
administration, faculty, and students in the course of the many discussions 
held during the three-day period, enabled the consultants to obtain the pulse 
and feel the tenor of the major thrusts of the programs under review. It 
must be recognized, however, that ip verbal communication the possibility for 
misinterpretation and misunderstanding does exist. With this qualification, 
the consultants hope that the following report is objective, fair and accurate 
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1. Overall Introduction 



1.1 Solution and »eVelopme nt^XJ rc dustr IaI Engineering . 

Industrial Engineering is relatively new as a profession when compared 
with the more traditional areas such as chemical, electrical, and mechanical 
engineering. Even though the first degree program in industrial engineering 
was offered in 1908, the. official society for industrial engineers, the 
-American Institute of Industrial Engineers (AIIE) was formed in 1948. 
industrial Engineering departments have been conceived in various academic 
environments, and while emphasis may vary from school to school, the following 
definition prepared -by AIIE in the late fifties indicates its broad 
interdisciplinary people-oriented, and systems character. 

"Industrial Engineering is concerned with the design, improvement, and 
installation of integrated systems of men, materials and equipment. It draws 
upon specialized knowledge and skill in the mathematical, physical, and 
social sciences together with the principles and methods of engineering analysis 
and design, to specify, predict, and evaluate the results to be obtained from 
such systems." , 

The character and sophistication of Industrial Engineering have changed 
dramat icaliv sitter the classical time and motion study work of F.W. Taylor 
and F. B. Gilbreth in the early 1900* s. The "efficiency expert" who emerged 
in the 19M)*s used the basic techniques of time study and methods engineering; 
in fact, the major focus of academic programs and industrial assignments in IE 
up until 1950 was on the fundamental methods engineering and work measurement 
activities developed by the IE pioneers. However, extensions into plant layout, 
production planning and control, and job evaluation had taken place in the 
thirties and forties. Most of the academic programs at that time terminated 
at the bachelor's level, though a few universities did have master's programs 
especially for evening students located in an industrial environment. 

Even though the Industrial Engineering curriculum usually contained the 
same basic engineering, science, and math courses as in other engineering •> 
curricula, the level of matnemat ics required for the IE courses was freshman 

algebra and geometry. 

This was the setting that the IE academician found himself in the fifties 
when linear programming, probability and statistics, computers, and simulation 
began to emerge as formidable tools for solving complex problems. The aspiring 
and ambitious IE academician, in an attempt to gain respectability among his 
colleagues, was quick to grasp these techniques and include them in the IE 
curricula. These were sophisticated, analytical, and relatively new to other 
engineers. At that juncture, doctoral programs began to develop in Industrial 
Engineering and eventually they became attractive not only to students in 
Industrial Engineering per se, but also to students with other engineering and 
science backgrounds. 
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: Later, the idea of the systems approach became popular and it, too, 
was embraced by tfce Industrial Engineers, It should be noted that in the 
fifties and sixties not ail IE departments were able to lay first claim to 
some of rthi^i^xjfcw concentration areas and some were absorbed by other 
departments. While the profile of IE up until 1950 was quite standard f 
the diverse thrusts of IE departments in the following two defies have 
made it difficult to give a specific identity to IE/ In th^United States 
thjs resulted in the use of joint names to define a department *■ such as 
Industrial Engineering and Operations Research, Industrial Engineering and 
Systems Engineering, Industrial and Operations Engineering, Industrial 
Engineering and Management Sciences. 

. -" %i 1ivea though the "classical" industrial engineers were involved in 
measurement of human performance, in the past two decades there lias been 
renewed interest in this area but now with the focus on human factors, 
which includes physiology, ergonomics, engineering psycholpgyv'&nd performance 
prediction* 

As a result of the interdisciplinary activities of the IE in the past 
20 years, the Industrial Engineer has been able to contribute to the solution 
of a broad spectrum of problems in manufacturing, business, government, and 
service type activities, and the job horizon expanded greatly for people with 
this type of training. 
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1.2 ln'dustrj»ijng^tgt?rjng ln Ontario and Canada 

■In. the Province of. Ontario, only two Industrial Engineering Departments 

art' in exisu-m-c- one at the University of Toronto (formed In 1958), and the 
other at the University of Windsor (commenced in 1972). At the University of : 
Waterloo, the program iri Systems Design was included in this doctoral 
assessment, as requested by ACAP. It must be pointed out chat the faculty 
in the Systems Design Department do not wish this Department to. be considered 
an IE Department- However! the two major thrusts of the Systems Design 
Department— human factors^and physical systems— are- directly related to 
industrial engineering as broadly interpreted today* 

Also, at "the "University of Waterloo, the graduate course of study in 
Management Sciences is relevant- to industrial engineering, but this program 
was not within the purview of these consultants. 

Baaed on intensive one-day visitations at each of the three schools 
included in this study, the consultants feel that each department has its 
own distinctive character, and a significant need does exist for their 
graduates in educational institutions, industry, government, and service 
organizations in the Province of Ontario and other provinces of Canada. 

At Waterloo, the major emphasis is on human factors (physiology and 
ergonomics) and physical systems; at Toronto the concentration areas are 
human factors (engineering psychology), information systems, and operations 
research; and at Windsor the thrusts are in man-machine systems and production 
systems. Certainly the consultants recognized some duplication in the programs 
and do urge a close, cooperative relationship among the three schools to maintain 
their distinction. 

Outside the Province of Ontario industrial engineering studies are 
available at the Nova Scotia Technical College, Ecole Polytechnic in Montreal, 
University of Newfoundland, University of Quebec, and the University of 
Moncton in New Brunswick. 

1.3 The Demand for industrial Engineers 

Since Industrial Engineering education in the United States has had a 
several decade lead time or. Canada in this profession, it Is desirable to 
depict the employment trend of industrial engineers in the States over the 
past two decades. 'The following table shows that employed industrial 
engineers in the K.S. increased by approximately 100% each decade. 

Year Employed 
TF.'s 



1930 40,140 
1960 96,053 
1970 185,389 



Sonne: Thp Bureau of Census' Occupation by Industry 



I 
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/The American Institute of Industrial Engineers (AIIE) , which is 
also She professional society for industrial engineers in Canada, recently 
conducted a sample survey of its members to ascertain the transition of IE 
employment from manufacturing to non-manufacturing industries. While the 
following table indicates that manufacturing is still the major employer 
of all industrial engineers, a substantial number are now employed in the 
government and service type activities. 

. ... -Employed IE 's -/ - 

Surveyed 

Industry 1966 1971^ 

Manufacturing 82% 59% 

Government 3% 7% 

Education 5% 4% 

Construction 6£ 9% 

Finance, Real Estate, 4% 21% 
Wholesale and Retail Trade, 

Transportation, ^ 
Professional Services 



At the doctorat^l^vel the per cent of graduates is much higher in the 
non^manufacturing and service type activities than in manufacturing, and the 
graduate is frequently employed in a department or division not called 
industrial engineering. For example, of the total 22 Ph.D. graduates from 
Industrial Engineering at the University of Toronto since its inception, 15 
vt»ru employed in the academic field in a wide variety of concentration areas 
such as business, management sciences, environmental design, and mathematics, 
as well as industrial engineering. Those employed in the non-academic 
environment also exhibited a breadth of assignments, such as systems research, 
.social development, educational planning, hydro and petroleum companies. It 
is also significant to note that of these 22 Ph.D. graduates, 13 were employed 
in the Province of Ontario and 5 In other provinces of Canada. 

Thus far 5 students have received their Ph.D. from the Systems Design 
Department of Waterloo and similarly, their employment is in diffuse areas 
of concentration. At Windsor no doctorates have been granted as yet by the 
IE Department. 

Since no other schools in Canada offer the Ph<D. in IE, it appears that 
less than 20 people In Canada have received their doctorates in IE from a 
Canadian university. . 

While employment of Ph.D. f s in academic institutions is "drying up," 
nevertheless, at least 5 staff positions in industrial engineering are presently 
open in Canadian universities. 
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Since the. opportunities for *E and Systems Design doctoral graduates/ 
cover such a broctd spectrum of act i.v it ies, it is almost impossible to ' 
forecast with an acceptable level of confidence the actual demand for these 
graduates in the next , 5 years. However,, based on past experience and 
"dvpartnentat project ions over -this period , the output from the system -will not 
be great: approximately 3-4 per year from Waterloo, the same number from 
Toronto, and 1-2 per year from Windsor. On the average for this period, 
about 7 per vcar will be the total Ph.D. output in IE and Systems Design. 

Based on previous data and discussion, the consultants feel that the 

actual demand will be higher than this supply over' thi next 5 year period* 
recognizing that only two schools in Canada offer a Pj&.D*. in IE.* With the 
exception of Windsor, the present support level at both Waterloo and Toronto 
could increase their doctorate enrollment by 10-15%. However, the limiting 
constraint is the number of well qualified applicants for Ph.D. work in 
these areas. 

It is also appropriate to point out that at the November 1973 meeting 
of the Committee of Deans of Engineering of the Province of Ontario, at which 
time there was a report on the status of engineering Ph.D. graduates during 
the period November 1972-October 1973, the overall conclusion was "that there 
is still no serious unemployment among recent Ontario Ph.D< graduates In 
Engineering despite predictions to the contrary. In fact, a healthy trend 
toward their increased utilization in Canadian Industry may have been 
established." 



2.0 Overall Recommendations 



The ' jft yD y pr og rams in Industrial Engineering at Toronto and Windsor , 
a nd the Ph.D. in Systems Design at Waterloo continue so that the 
demand for graduates - bachelors , masters and doctorates In the 
Province of Ontario and Canada, be satisfied by quality programs 
matched to these needs » ^> 

While the demand for Ph.D. graduates is small relative to the 
number of employment opportunities for undergraduates , nevertheless, 
it must realized that to have a prestigious undergraduate program 
does require a quality faculty* Without a doctorate program it is 
not possible to, at tract faculty who can teach new and sophisticated 
methods to the undergraduate student* The result would be a serious , 
weakening of the undergraduate program. 

The PU.D. programs in IE at Toronto and Windsor, and the Fh.D* program 
in Systems Design at Waterloo maintain their distinct character and 

thrust. 

At Waterloo the major emphasis is on human factors (physiology 
and ergonomics) and physical systems; at Toronto the concentration 
areas are human factors (engineering psychology), information systems, 
and operations research; and at Windsor the thrusts are in man-machine 
systems and production systems. 

The quota for Ph.D. output from the three programs be maintained at 
approximately the same level for the next five years . 

This means 3-4 graduates per year from Waterloo, 3-4 from Toronto, 
and 1-2 from Windsor* Since these graduates are diffused in a broad 
spectrum of jobs, a review of the placement of these students indicates 
a relatively strong market exists for employment. But many of the 
Jobs are outside engineering, and consequently, it is difficult to 
obtain a reliable projection of the demand 5 years hence. It is the 
consultants f opinion that it will probably increase rather than decrease. 

A coordinating committee be established with a representative from each 
of the three departments. 

A major function of this committee would be to coordinate and plan 
thv development of graduate programs of each department, to avoid 
excessive duplication of course offerings, and to operate in a cooperative 
mariner rather than in a competitive mode. 

A counselling structure be developed to insure that Ph.D. applicants are 
properly advised of the principal strengths in each of the three departments 
so that the applicant can make an optimal selection of a program to achieve 
his objectives * 

Due to* logistical and personal problems it may not always be possible 
to locate at a specif ic university ; however, all prospective Ph.D. students 
for industrial engineering related programs in the Province of Ontario 
should be cognizant of the type of training to be received and the job 
market for which their training would prepare them. 



6. .s «w faculty appointments be of high Quality an d inbreeding detrimental 

to the future development and progress of the departm ents be discouraged. 
— — This recommendation applies in particular to Waterloo and Windsor 
where new faculty are likely to be employed. An external review of 
potential new faculty may be desirable. 

7. Additional external research grants be/ obta ined ift consonance with the 
objectives of the respective departments . 

. While equipment is not usually a major item in IE related research, 
nevertheless, the research money per faculty member in each department 
" : iS" considerably less than that in other engineer ing departments. These 
additional resources would be helpful in the, attainment of excellence in 
the absence of a significant increase in funding from the universities - 
recognizing that the "tight money" situation is likely to continue for the 
next 5 years in higher education. 

8. a more significant role of Industrial Engine ering and Systems Design 
be effected in other departments both within and outside eng ineering. 

Faculty in IE-related departments provide a valuable resource to 
the total university structure, and while some interaction has already 
taken place, it has not been sufficiently exploited. 

9. A cognizance and strategy for implementing resea rch in the real world 

socio-political environment be a salient conside ration in the Ph.D. 

p rograms. 

— This is not meant to imply that theoretical, abstract reasearch is 
not desirable; however, most of the graduates will be operating in a 
complex systems structure that demands realistic solutions to problems 
and this must be reflected in the academic preparation of the student 
for employment. 

10. A recruiting effort be made to stimulate a larger populati on of highly 
qualified Canadians to apply for Ph.D. work in Indust rial Engineering 

and Systems Design . 

With these fields being relatively new, many graduates from other 
engineering departments are not cognizant of the concentration areas and 
the eraplovment opportunities for the Ph.D. graduate from these departments. 
The recommendation is not to encourage higher enrollment, but to provide 
a larger base "for student selection into the programs. 

11. An attempt be made to recruit qualified women for Ph.D. study in Industrial 

E ngineering and Systems Design . 

" — During the discussions which the consultants had with doctoral students 
in the programs not one woman was present. In the United States a greater 
number of women (still not large) are entering these programs and do have 
excellent job opportunities after graduation. 
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University of Toronto ^ 
Department of Industrial Engineering 

3.1 Overview of Consultants* Activity 

Both ACAP consultants spent one day, December 19, 1973, at the 
University of Toronto to review and obtain information for the engineering 
assessment study of the Ph.D. program in Industrial Engineering. 

The original schedule prepared for the consultants, visitation included 
a general discussion of the Industrial Engineering prpgram, separate meetings - 
with faculty in each of the three major concentration areas of the Department 
(Human Factors, Management Information Systems, and Operations Research), and 
a meeting with the Dean of Graduate Studies. The consultants requested the 
opportunity to meet with the present Dean and the immediate past Dean of the 
Faculty of Applied Science and Engineering, and also with students enrolled 
in the doctoral program. Those additions to the original agenda were made 
and scheduled appropriately. 

While one day is not much time to spend in an assessment study; 
nevertheless, the meetings were intensive and comprehensive, and the consultants 
feel that they have obtained an adequate factual basis for judging the Industrial 
Engineering program. 




\ 
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University of Toronto 
Department of Industrial Engineering 

3.2 Agenda for ACAP Consultants* Visit (December 19, 1973) 

9:00 - 10:50 a.m. Consultants - Dr. A. Holzman and Dr. L. Zadeh 

met with B. Bernholtz, P. J. Foley and J. G.C. 
Xempleton for a general discussion in Room 204A 



10.00 a.m. COFFEE 

10:50 - 11:20. a.m. HUMAN FACTORS - P. J. Foley and consultants 

toured labs. 

11:20 - 12:15 a.m. MANAGEMENT INFORMATION SYSTEMS 

- B. Bernholtz 
S. H» Cohn 

I. B. Turksen 
R. V* P. Anderson 
Discussion with Consultants in Room 204A 

12:20 - 1:00 p.m. DEAN ETKIN (Present Dean at his office) 

12:30 - 2:00 p.m. ' LUNCH - Small Dining Room - FACULTY CLUB 

Consultants and Staff Members 

- J. W. Abrams 
J. Abrham 

R. W. P. Anderson 

B. Bernholtz 

J. Buzacott 

S. H. Cohn 

a. A. Cunningham 

P. J. Foley 

T. A. Lambe 

J, S. Rogers 

J. G. C. Templeton 

I. B. Turksen 

2:15 - 2:45 p.m. Dr. James Ham (Dean, 1966-1973) 

Discussion with Consultants in Room 204A 

2:45 - 3:45 p.m. OPERATIONAL RESEARCH 

- J. W. Abrams 
B. Bernholtz 
J. Templeton 

J. Buzacott 

T. Lambe 

A. A. Cunningham 

J. S. Rogers 
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3:45 - 4:20 p.m. GRADUATE STUDENTS -discussion with Consultants 

In Room 204A 

Eric Pickett 
Russ Brown 
Percy Brill 
Marvin Mandelbaum 
Duncan Taylor 
Jean Belle-Isle 
Sushil Gupta 

Michael S liberate in (M,A»Sc. studentT 

4:35 - 5:00 p.m. Dean Safarian - Dean of School of Graduate Studies 

(and Professor of Economics) 

Dean Scott - Associate Dean, Division III, SGS 

(and Professor of Physics) 

Discussion with Consultants and B. Bernholtz in 

SGS Office. . . 

PROFESSORIAL STAFF NOT PRESENT 

A. Porter, Professor and Chairman of Department 

A. Kruger, (part-time Professor, by cross-appointment 

from Department of Political Economy) 
J. Senders, (Visiting Professor) 
M. Posner, (Associate Professor) 

REGISTERED Ph.D. STUDENTS (who did not meet with the consultants) 

J. Brandejs 
D. Martell 

B. Rao 
R. Buie 
D. Ellis 
A. Jenkins 
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University of Toronto 
Department of Industrial Engineering 



j.i Overall Perspe c tive 

To obtain the necessary insight and perspective of the doctoral program 
at Toronto, if is desirable to place it in the context of the Department 's\ 
development* and its bachelor's and master's curricula. The Department is an 
outgrowth of the program in engineering and business which was started In 1949, 
and administered by the Mechanical Engineering Department. Due to the 
dissatisfaction with qualitative emphasis and concomitant absence of analytical 
thrust v this program was phased out in 1958 and the Industrial Engineering 
Department was initiated at that time. Graduate Study in the Department 
commenced in 1961 ... and the first Ph.D. was awarded in 1965. Dr. Arthur Porter, 
who bad been Dean of Engineering at the University of Saskatchewan was appointed 
Chairman of the IE Department. He was succeeded by Dr. Ben Bernholt2 in 1966 
and then reappointed Chairman again in 1973. / 

Until 1966 the University of Toronto hao the only IE Department in Canada 
and as of the present time it is one of two universities in Canada where a Ph.D. 
can be obtained in Industrial Engineering* In the Province of Ontario, the 
University of Windsor presently has a bachelor's program, a master's program 
and a doctoral program in Industrial Engineering. At the University of Waterloo 
the closest programs to IE are those in Management Sciences and Systems Design. 
The Management Sciences Department is strictly a graduate program, whereas the 
Systems Design Department has both undergraduate and graduate programs 
culminating with the Ph.D. 

Relative to the Systems Design Department at Waterloo and the IE Department 
at Windsor, the IE Department at Toronto has a much longer history and has 
grown substantially in stature during the past 10 years. The program is 
sufficiently flexible to permit the doctoral candidate to do (research in both 
theoretical and applied complex systems problems relevant to the societal needs 
of Canada. 

The consultants consider the three concentration areas consisting of human 
factors engineering, management information systems, and operations research to 
be desirable thrusts for the Department. 

Generally, the quality of the faculty is reasonably good and more than 
adequate for supervising doctoral research. A cursory review of doctoral theses 
was made when the consultants visited Toronto, and it is our impression that 
this work is of acceptable quality. 

The need is urgent for a regular appointment of the second faculty member 
(currently visiting professor) in the human factors stem. Identity of the 
information systems group in Industrial Engineering has not been recognized 
sufficiently in the Faculty of Applied Science and Engineering. Their role should 
be clearly delineated and a strategy to project the IE Department as leaders in 
this activity should be developed. The consultants feel that additional strength is 
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needed in this area - possibly at the expense of the Operations Research 
group wtu»n feasible to shift resources. 

.Based on the consultants* discussion with 7 doctoral candidates, they 
are/ well prepared and were able to articulate their research interests and 
objectives quite well. The selection process for doctoral students seems 
to be effective in the identification of quality students for the program 
The consultants do express some concern about the total elapsed time to 
obtain the Ph.D. 

• " The physical facilities in human factors engineering are excellent and 
do provide a valuable resource not only to other components of the University, 
but also to industry and government in the Province of Ontario* 

, All of the 22 students who graduated with the Ph.D. in IE since the 
start of the doctoral program Hid no difficulty in obtaining jobs* Considering 
the broad interdisciplinary type of activities for which the doctoral graduate 
is prepared to address not only in industry, but also in public service and 
non-manufacturing functions, the demand for people with this training is * ' 
expected to increase within the next 5 years.. : 

Dean B. Etkin gave a strong endorsement of Industrial Engineering by 
placing it high on his priority list for additional resources, but it must 
be recognized that additional funding will have to come from shifting resources 
and this will be difficult. * 

An assessment of the IE Department's strengths and weaknesses is given 
in detail in the following sections, followed by specific recommendations in 
Section 3.8. • \ 
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- University of Toronto 
Department of Industrial Engineering 



j.4 Nature of Programs Offered 



It is significant to note that due to the relatively recent origin 
of Industrial Engineering at Toronto, the Department has not been plagued 
with a faculty polarized on one side by classical, traditional IE concepts, 
such as time study, metttods, etc. , and on the other Bide by the more 
modern approach structured at Toronto which integrates probability and 
statistics, computer science, operations research, human factors, -Information 
systems, and control theory. This discipline focuses on the operation and 
management of industrial and service type industries. The faculty at 
Toronto are attuned to the mere sophisticated man-machine systems approach 
in obtaining solutions to real world problems. 

The undergraduate curriculum is a four-year program, and it is the 
terminal degree for most of the students. This program does permit the 
student to take a meaningful sequence of technical electives in the second, 
third, and fourth years. The third and fourth years of the IE curriculum 
include courses directly related to human factors, management information 
systems, and operations research, which are the major concentrations at the 
Ph.D. level. 

The Department offers two master's degree programs: (1) the Master of 
Applied Science designed for the student wishing to conduct research, and 
(2) the Master of Engineering program structured primarily for the student 
who is pres. .jtly employed in industry, government, or business, and who 
desires to become more proficient in modern technical skills addressed to 
design, analysis, and control. 

The M.A.Sc. program is particularly demanding of faculty time for 
reseat -h supervision, and entrance into this program is more competitive than 
admission into the M. Eng. program. The usual path to the Ph.D, program is . 
through the M.A.Sc. research oriented degree, though it is possible fox 
qualified M.Eng. graduates to be admitted to the Ph.D. by taking an additional 
year*s work. 

Students in the M.A.Sc. program and the M.Eng. program must elect an 
area of c ^ncentration in either Operations Research or Information Systems. 
With the addition of a second faculty member in Human Factors Engineering, 
it is planned that an M.A.Sc. thrust in this area will be available to students 
in 1974-75. These three concentration aruas are the same as the major thrusts 
of the faculty at the doctoral level . 

The IE Department is also cooperating with the Mechanical Engineering 
Department and the Metallurgy and Materials Science Department in a new M.Eng. 
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program for students; it is a program for students from industry. 

The Master of Engineering programs take less time to complete and are 
oriented to the Canadian market* 

. To be admitted into the 2-year Ph.D. program, the Graduate Student 
Handbook of the Department of Industrial Engineering states that "an 
applicant must have completed the requirements for the degree of Master of 
- Applied Science in the Department of Indttstrial Engineering* or its 

equivalent, and demonstrated an ability to pursue independent and scholarly 
research at a sufficiently advanced level* Those completing a research 
degree elsewhere must submit sufficient evidence of their ability to study 
at the doctoral level/ 1 n 

For those students who have completed thi M.Eng. program or where 
uncertainty exists in the appraisal of transfers, they may be elegible for 
a three-year doctoral program* An important aspect of the admissions process 
is that the applicant must obtain the formal commitment from the faculty 
member of the IE Department expressing his willingness to supervise the 
student f s research. 

In addition to satisfactory completion of the dissertation, the major 
requirement in the Ph.D. program, each candidate must complete at least one 
course in the Department of Industrial Engineering for each of five topics 
in the student's area of concentration. For Operations Research the core 
area topics are: Mathematical Programming, Stochastic Models, Decision 
Theory, Systems Simulation, and Information Systems.* For Information Systems 
the core area topics are: Management Information Systems, Stochastic Models 
and/or Mathematical Programming, Decision Theory, System Simulation, and 
Production and Control. The Human Factors core area will be developed within 
the next year and will also be available to doctoral students. Other courses 
deemed necessary by the supervisor to perform the theais research must also 
be taken. 

No qualifying or comprehensive examinations are required of the doctoral 
candidates; the major examination is the oral exam for the thesis. Two 
external members must be included on the thesis examining committee. Early in 
the doctoral student's program (within 15 months) the supervisor and the 
department chairman meet to assess the research activities ofthe candidate. 
The student may be terminated at this time* if it is considered unlikely that 
he can satisfactorily complete the research necessary for the degree. 
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Department of Industrial Engineering 

3.5 Faculty Quality and Size 

The number of faculty increased from 12 in 1968-69 to 16 in 1973-74. 
Of the total number of 16, one member has a cross-appointment with the 
Department of Political Economy, and another is a visiting professor. The 
latter faculty member is expected to be given a regular appointment to the 
IE faculty at Toronto next year as a result of obtaining additional support 
from the Doan for the concentration area in Human Factors Engineering. j 

Twelve of the faculty ha\?e their Ph.D. degrees; their educational 
background was obtained from a wide spectrum of prestigious schools, with 

only two receiving their degrees from the same university. There is 

reasonably good balance among the faculty ranks: 6 are professors, 6 
associate professors, and 4 assistant professors. The average age of the 
faculty is 44, with the range from 31-63. While this may be considered to 
be slightly on tht high side, the age spread does provide a reasonable balance 
of maturity which is customarily associated with a well-established department. 

Nine of the faculty are currently supervising doctoral students in their 
research with the largest number supervised by any one faculty member being 5. 
While a uniform ratio of doctoral research advising among faculty is not 
expected, nevertheless, this disparity in research supervision is too great. 
In the three concentration areas of the Department the current research areas 
of the students can be categorized as follows: 

Human Factors Engineering - 1 student 

Management Information Systems - 5 students 
Operations Research - 12 students 

These numbers roughly approximate the faculty concentration in each of 
the areas, tt should be noted, however, that at present Human Factors is 
not a concentration area for doctoral students, but it will be vltt.in the 
next year. 

According to data received from the Dean's Office, the Engineer xu^ 
School's budget for sponsored research in 1972-73 was 4 million dollars, of 
which, $57,000 was in the Industrial Engineering Department. This represents 
approximately $4 ,000/f acuity member in the IE Department, as compared with 
$6,000/faculty member in Civil Engineering and $21, 000/f acuity member in 
Electrical Engineering. This low amount in sponsored research was discussed 
in detail with faculty members from the Operations Research group. 

They opinionated that large amounts of sponsored research money from 
other departments in engineering is used for purchasing laboratory equipment, 
whereas in Industrial Engineering very little sponsored research money was used 
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or needed lor equipment, sin* 1 * most of their laboratories are in real world 
settings. The exception to this would be the Human Factors laboratory in 
IE which does require considerable equipment for which additional funds 
have been obtained from the Dean during the past year. It was also pointed 
out that the IE grants committee for NRC has been in existence only far tht* 
past three years. Also, some of the IE faculty members are on joint research 
projects in other departments. 

Since ail faculty at the University of Toronto are paid from University 
funds on a 12-raonth basis, and jiince all good students are able to obtain 
adequate support funds f it was argued that the present level of sponsored 
research is close to optimal for the Department* Apparently, there is no 
incentive to obtain additional sponsored research. All faculty are on a three- 
term appointment and teach only two of the three terms. The third term can be 
used for research, publications, supervising theses, and other types of 
professional development. 

Despite the justification offered for the existing level of external 
funds for research, the consultants do consider the present funding for 
sponsored research to be on the low side* For example, through research 
grants it would be possible to purchase additional equipment for the human 
factors laboratory. It also may be possible to provide a higher stipend for 
doctoral students as research assistants or associates, and thus incite them 
to continue full time in their program, rathet than to obtain full time non- 
university employment and complete their dissertation on a part-time basis, 
as is frequently the case. 

The three major concentration areas of the faculty will now be reviewed. 
Human Factors Engineering 

While the doctoral students will not have a concentration area in Human 
Factors available for the next year, considerable activity has taken place by 
the two professors (one currently visiting) in the undergraduate and graduate 
levels, and also in advising and working with graduate students in other 
departments, such as electrical engineering, architecture, aerospace, psychology 
and computer science. This human factors thrust is unique at the University of 
Toronto and does provide a focal point for this area of activity* 

The Systems Design Department at the University of Waterloo has a major 
thrust in human factors, and while not mutually exclusive with the N Toronto 
activity, the Waterloo emphasis is more on the ergonomic-physiological aspects 
than that at Toronto where the thrust is more towards engineering psychology. 

Professor Foley has done an excellent job in the design of laboratory 
facilities in human "factors. The laboratory facilities can be categorized as: 
(1) pure research laboratory - basic research to human factors; (2) undergraduat 
and master f r> laboratory - demonstration and individual experiments, information 
processing and acoustics; (3) process control facility; and (4) complex skills 
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laboratory. This laboratory has also been useful in providing service to 
tiif Province of Ontario. As is typical in most industrial engineering 
departments which do not have machine shops, this laboratory is the only 
physical laboratory in the Department. 

While neither of the faculty in this area have a Ph.D. (one of whom is 
a Visiting Professor) nevertheless, they have had a wealth of experience in 
human factors engineering and experimental psychology in industry, government, 
and education. The two faculty members have contributed substantially to 
professional- organizations and have published in respectable journals; however, 
the last refer eed publication for the one faculty -member was in 1965 and the 
other in 1967, The consultants xecognize the desirability that the new 
appointee have a doctorate, especially since he will be advising Ph.D. students; 
but thev also are aware of the practical need for this faculty person to have 
had considerable actual experience. The consultants did not have the 
opportunity to meet the Visiting Professor, but his background does seem to 

exhibit the qualifications required to guide research concomitant with 

teaching both undergraduate and graduate level courses. It is important, 
however, that he focus his publications on refereed journals. 

To provide the faculty time necessary to supervise doctoral theses 
arid to publish in addition to teaching at the undergraduate and graduate 
levels and directing the laboratory, it is important that an additional 
professor be appointed to a regular faculty position. 

Thus far 7 master's students have completed their master's theses in 
this area. One Ph.D. graduate from Toronto was supervised by the full-time 
faculty member in Human Factors Engineering. 

At the present time in this area there is one research grant (NRC) 
which is for' the amount of $5,000. 

it was not obvious that faculty from the Information Systems and Operations 
Research concentration areas interact on a professional basis with the faculty 
in the Human Factors area. This apparent insulation of faculty groups is not 
conducive to the most effective. utilization of departmental resources in the 
man-machine system environment. 

Management, information System s 

While this is a separate concentration area for doctoral students in 
Industrial Engineering, considerable overlap and interaction exists between 
the 4 faculty members specifically identified with this area and those involved 
with the Operations Research area. The faculty in information systems does 
have a reasonably good background in computers, simulation, systems analysis, . 
and statistics, which do relate to their information systems objectives. Two 
or the faculty have their Ph.D.' s and the other two have the master's degree 
as their terminal degree. 

Current research interests are in the areas of health care delivery 
systems, medical information systems, computer-communications network, production 
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systems management , interactive problem salving, structural inference, 
computer generated aids for the. analysis of dimensional Relationships, 
data transformation and data structures, management query languages, and 
applied Boolean methods* 

Some p plications from the faculty in this area have appeared recently 
in refereed journals, but the total publication output of the group in 
recent years has. not _.been . great * Three of the four faculty Tnembera have : 
research grants from NRC, ranging from $5,000 - $17,QGQ. fhere are spikes 
of excellence in this group* but their overall quality does not seem to be 
at a uniformly high level. The external Visibility and impact of this 
faculty on other departments at the University of Toronto may be impaired by 
the fact that information is ubiquitous by its very nature, and is also 
housed in other departments. 

Pro£t**sor Bernholtz, who is presently on a leave of absence after 
having served as department chairman, should be able to provide the stimulus 
necessary to have this group exercise leadership in information systems at 
the University. He has had considerable experience in working with staff 
from other divisions at Toronto . 

Since information systems spans many disciplines, extreme daution must 
be taken not to duplicate inordinately courses offered in other areas* 
Courses such as software technology, file organization and structure, computer 
systems analysis, and data structure are taken by the Industrial Engineering 
graduate students in the Electrical Engineering and Computer Science departments* 

Overlap does exist to some extent with the Management Sciences Department 

at Waterloo. However, while both Toronto and Waterloo are involved with health 

care systems, the work at Toronto is related to the medical school. At 
Waterloo, there is no medieSi school. 

In the Faculty of Management Studies (similar to a business schc il) at 
the University of Toronto, a MBA is offered and a Ph.D. program has been 
initiated recently. An earlier relationship existed between Industrial 
Engineering and the Faculty of Management Studies in which there was an exchange 
of faculty. Unfortunately, this relationship dissipated as the faculty the 
management studies program became more quantitative. At the present tlm^ an 
attempt is beittg made to re-establish the relationship and it is important that 
the attitude of the two departments be one of cooperativeness rather than 
competition. 

Even though courses in Management Studies such as Business, Information 
Systems, Planning and Control Systems, Systems Simulation, Decision Theory, 
and Management Information Systems, may be oriented to the business environment, 
nevertheless, it is quite possible that considerable duplication exists with 
similar courses in Industrial Engineering. 

However, when a business school with a quantitative emphasis exists In a 
university with an industrial engineering department it is not uncommon to find 
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considerable competition and overlap between the -two groups. 

Ope rat iotii> Ke sea • rh 

The greatest faculty effort ot the IE Department ia in the Operations 
Research concentration area. Over half of the faculty are involved in this 

activity of the- Department. Due to the commonality of interest and program 

objectives, significant interaction does take place with the Information 

Systems faeultv, but practically no professional relationship exists with the 

Human Factors' faculty members. As stated previously, this should be 

corrected. . - 

Alt of the faculty have the Hh.D> as their highest degree, and have a 
reasonable number of publications in refereed journals. Their present 
research Interests encompass a broad band of Operations Research type activities, 
as is evident from the following sample of projects: non-linear and continuous 
programming, implementation of OR, reliability, inventory systems, decision 
theory, scheduling with uncertainty* urban transportation systems, stochastic 
models, and generation "planning. Every faculty member has a sponsored research 
project from NRC, ranging in amount from $1,500 to $20,000. A need exists to have 
post-doctoral fellows and research associates to interact with and further 
challenge the faculty to continue to advance their research competence. 

Again, an appraisal should be made for possible duplication of courses in 
the quantitative stem of the Management Studies program at Toronto where 
related courses such as the following are offered: integer and nonlinear 
programming, stochastic methods, network flows, and statistical decision theory. 
The Management Science Department at Waterloo also has an OR thrust. 

The faculty felt that unusual opportunities were provided to the doctoral 
student interested in OR at Toronto by the balance between theoretical and 
applied work, the unique data base for hospital studies, and the interaction 
with other departments at the University of Toronto. They also expressed the 
desire to have post -doctoral fellows and research associates. 

In summary, the overall quality of the faculty does seem to be reasonably 
good, but there is a need to shift resources in the Department, when possible, 
to achieve a better faculty balance which is required to meet the objectives 
of the Department in a more effective manner and at the same time produce a 
greater impact on the total University structure. The addition of a second 
faculty member in human factors engineering is a requisite. 
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3.6 Quality of Student Body; Admission Requirements 

The ACAP consultants met with nine of the doctoral candidates, with no 
faculty present, to discuss the Ph.D. program in Industrial Engineering 
with them. The prime consideration in the admissions process for the Ph.D.. 
in this Department is evidence of research capability of the applicant. An 
A- average in graduate courses and an A on the thesis is required of all 
students who have completed the M.A.Sc. program in Industrial Engineering 
at Toronto. Those students who have completed the M. Eng. curriculum are accepted 
only in exceptional cases. Good quality students from other branches of 
engineering, mathematics, or science, may also be admitted to the graduate 
programs. Approximately 85-90% of all IE graduate students have an engineering 
background. Prerequisites for graduate work demand a level of mathematical 
maturity equivalent to a substantial knowledge of calculus and differential 
equations, probability theory and statistics, and also a knowledge of computer 
programming. Applicants who have received their master's degrees outside the 
IE Department at Toronto are required to submit their theses for evaluation by 
the faculty. If the candidate has not prepared a thesis, he may be admitted 
directly to the Ph.D. program, or as is the usual case, be accepted in the M.A.Sc. 
program with possible transfer to the Ph.D. program. 

Figure ?. shows the acceptance-rejection status of Ph.D. applicants for 
1973-74. Of the 24 students who applied, 19 were accepted into the graduate 
program of study, and 5 were rejected. It is of interest to note that of the 
19 students accepted only 7 students actually registered in the Fall Term. 



University of Toronto 
Department of Industrial Engineering 

Summary of 
Ph.D. Applications 1973-74 

1. Accepted Ph.D. applicants — Registered 

5 (of whom 2 had completed MvA.Sc, programs in this Department) 

2. Accepted Ph.D. applicants — Did not register 

5 

1 - expected in Januarv 1974 

3. Ph.D. applicants accepted into M.A.Sc. — Registered 

2 

4. Ph.D. applicants accepted into M.A.Sc. — Did not register 

4 

1 - expected in January 1974 

5. Ph.D. applicants accepted into M.Eng. — Did not register 

1 

6. Ph.D. applicants — Refused 

5 



\ 



Note: Eleven students completed M.A.Sc. program in 1972 and seven 
in 1973. Some of these were not interested in the Ph.D. 
program.. Others wished to do Ph.D* f s, but were refused, or 
discouraged from applying. We have no record of the number in 
each of these groups. 
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For each of the current Ph,D, candidates, Figure 2 lists the student's 
previous degrees* fields, and graduation dates from the universities attended. 

The students interviewed felt that the strongest points of the doctoral 
program wetre its flexibility and degree of freedom, good counselling, and 
faculty strength in many areas* They had frequent consultations with their 
faculty supervisors. The candidates were articulate in explaining why they 
had enrolled at the University of Toronto , and they also were quite clear 
and precise in expressing their, -areas, of research . interests* One of the 
graduate, students was Working oft his Ph.D. in Electrical Engineering* but 
had selected an area of concentration in Human Factors Engineering from the 
IE Department. He considered the course* that he has taken in this area to 
be meaningful and constructive and evaluated the faculty highly. 

In reviewing the research interests of several of the doctoral candidates* 
it was evident that they were attuned to the strengths and interests of the 
faculty and were concerned with real world problem solutions. This is evident 
from the listing of research areas and dissertation titles for Ph.D. candidates 
1973-74 shown in Figure 3. 

Twenty-two students received their Ph.D. degrees from 1965-1973, and 
all were placed without difficulty. Fifteen of the graduates entered the 
academic field in a wide variety of concentration areas such as business* 
management sciences, environmental design, mathematics, industrial engineering, 
etc. Those employed in the non-academic environment exhibited similar breadth of 
assignments. At least eighteen are now working in Canada, 2 in India and 1 in 
Singapore. 
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Ph.D. Candidates 
1973-74 




Jfamu 


Previous 
Degrees 


Field 


University and Year 


Be tit*'- isle, J. 


- B.Sc. 
M.Sc. 


Mathematics 
Computer Sc lence 


Montreal, 1966 ; _ l 

Montreal, 1970 


&ranaejs» J* 


Ing. C. 
C .Sc . 


Commerce 
Computer Science 


Prague, 1947 
Prague, 1967 


Brill, f». H. 


B . Sc. 
M. A. 


Mathematics 
Mathematical 

Statistics 


Carleton, 1957 
Columbia, 1959 


Buie, R. N. 


B . Sc 
M.A.Sc. 


Mathematics 
Industrial 

Engineering 


Guelph, 1970 
Toronto, 1971 


Ellis, D. W. H. 


B.Sc. 
M.Sc . 
M.B.A. 


Mathematics 
Mathematics 
Business 


Queen* s, 1968 
Queen* s, 1970 
York, 1973 


Fraru es , u. 


B.A.Sc. 
M.A.Sc. 


Industrial 

Engineering 
Industrial 

Engineering 


Toronto, 1970 
Toronto, 1972 


Gupta, S.K. 


B.Tech. 

M. B.A* 
M.A.Sc. 


Mechanical 

Engineering 
Business 
Industrial 

Engineering 


Indian Institute of Technology, 
Bombay, 1967 
Delhi, 1969 
Toronto, 1973 


Jenkins, A. L. 


B. A. 
M.A. 
Diploma 


Katural Sciences 
Natural Sciences 
Management 


Oxford, 1963 
Oxford , 1968 
McGill, 1972 


Lau % H . 


B^Eng- 
M.Ettg. 


Electrical 

Engineering — > 
Electrical 

Engineering 


McGill, 1969 
X McGill, 1970 



Figure 2 
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Ph.D. Candidates - 1973-74 



Name 



Lieberman, R. W< 



Mandelboum, M. 



Marteli, I), 



Pickett, li. E. 



Rao, V.N. 



Taylor, l.D.S. 



Previous 

Degrees Field 

B.A.Sc. Industrial 

Engineering 
M.A. Sc. Industrial 

% Engineering 

B.A.Sc. Industrial 

Engineering 

M.Sc. Operational 

Research 

B.A.Sc. Industrial 

Engineering 

M.A. Sc. Industrial 

Engineering 

B.A.Sc. Mechanical 

Engineering 
M.A. Mathematics 

B.Tech. Electrical 

Engineering 

Dip. Business 

Administration 

M.A. Sc. Industrial 

Engineering 

B.A. Mathematics 
M.Sc. Mathematics 



University & Year 
Toronto, 1971 
Toronto, 1973 

Toronto, 1964 

Israel Institute of 
Technology, 1968 

Toronto, 1971 

Toronto, 1972 

Toronto, 1957 

Toronto, 1962 

Indian Institute of 
Technology, Madras, 1964 
Ahraedabad , 1967 

Toronto, 1970 



Sussex, 1969 
Toronto, 1970 



Figure 2 (Continued) 
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Name 

Aerath, S. 
Bast 1 en, E. 

Brandejs, J.F# 

Brill* P. H. 

BuU** R. S. 
Ellis, D. W. 
Frances* D* 

Gupta, S.K« 

Jenkins, A. L* 

Lau t H . 

Licbernun, "K. W. 
Mandelbaum, M. 



P h.D. Candidates 1973-74 

Research Area or Dissertation Title 

Boolean Method and Scheduling (R.A.) 

The Effect of Transportation Distance 
on Consumer Choice (1KT.) 

Design methodologies for cost-effective, 
applicationroritented Coraputer/Cotnmuni- 
cations Networks (R.A.) 

Some Theoretical and Practical Aspects 
of Medical Information Systems for 
Ambulatory Health Care (D.T # ) 

Multiple Server Queues with Service 
Time Dependent on Waiting Time (R.A.) 

Continuous Programming (R.A.) 

Routing Problems (R.A.) 

Data Acquisition fQr Linear Programming 
Problems (D.T.) • 

i 

Applied Boolean Methods in Production 
Scheduling (R.A.) 1 



Operations Research £n Transportation 
(R.A.) 



r 

• \ 

Application of Optimal Control Theory 
to a Canadian Econometric Model (D.T.) 

Design of Information 1 , Systems in Health 
Care Delivery (R.A.) 

I 

Policy Flexibility and; Facilities 
Planning (D.T.) 

i 



Supervisor 
I. B. Turksen 
T. A. Lambe 

S. H. Cohn 
S. H. Cohn 

M. J. M. Posner 

J. Abrham 

A. A. Cunningham 

A* A* Cunningham 

I. B« Turksen 

A, A. Cunningham 

J . Abrham 

I. B. Turkmen 

A, A. Cunningham 



Figure 3 
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Martell, D. L* 
Pickett, K. !:• 

Strong, D. 
'Taylor, I. D. S, 
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Re search Area or Dissertation Title 

Contribution to Decision Making in 
Forest Fire Management (D.T*) 

Mathematical Modelling of Biological 
Processes in Lakes (D.T.) 

Statistical Pattern Recognition with 
Incorrect Data (D*T.) 

Cmnputer-aided Pattern Recognition of 
Three Dimensional Solid Objects (D*T.) 

Decision Models for an Emergency 
Ambulance Svstem (D.T.) 



Supervisor 

A • A», Cunningham 

B. Bernholtz 

J • G ♦ C ♦ Temple ton 

P.J* Foley 

C. Templeton 



NuTE; R. A. - Research Area 

D. T . 88 Dissertation Title 



Figure 3 (Continued) 
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Trom the data in Figure 4. on number of doctoral students registered 
for the four-year period the following salient points can be stated: 

(1) The total enrollment has not changed significantly. 

(2) 44 of the 75 students (58,6%) Were Canadians and 23 of the 
78 (30.6%) were landed immigrants. 

(3) Of the total 75 students, 43 (57.3%) received their 1st degree 
in Canada, and the remaining 32 (42.7%) obtained their 1st 
degree from a foreign school. 

(4) Approximately one-half of the Canadian students are full-time 
in the doctoral program, whereas for the landeXinaisrant and 
student visa status, almost all of these students .are full-time. 

i • 

From Figure 4 we can also see that on the average 4 students receive 
their Ph.D. each year, and that very few of the doctoral students are dropped 
from the program. This does mean that most of the students are in ^program 
considerably longer than the 2-3 years required for a full-time student. ™e 
number of elapsed months to obtain a degree is depicted In Figure 5. Of the 
total of 13 students who received their doctoral degrees over the past 4^years 
no one completed the requirements in less than 36 mon'hs, and only * in less 
than 48 months. The reason cited by the faculty for this long time to^ 
completion was that the doctoral student often receives attractive employment 
offers while doctorate work is in progress, and that frequently the job • 
assignment is related to the dissertation research of the candidate. There 
seems to be no strong incentive to complete the degree in 2-3 y*ars. Heavy 
course concentration is at the master's, level, with emphasis on research for 
the doctorate. 

Concern was expressed by the consultants on the elapsed time in the 
program to obtain the doctorate: it wfas felt that students may be past their 
peak in training when thedegree is granted. Due to the fact that the major 
examination for the doctoral candidate is the oral exam on the completed 
dissertation, the faculty indicated that the student had to maintain a state- 
of-the-art status of his particular research area to have his dissertation 
approved. The student's supervisor has the responsibility to insure that 
the student is currently abreast of his field. External examiners on the 
committee also serve to ensure that the research is of high quality and 
current. However, it is important that these characteristics be evaluated 
"carefully in making final judgment on the student's thesis. 

Financial support for graduate students does seem to be adequate with 
aid coming from a broad spectrum of sources. One of the most prestigious 
scholarships is the NRC Scholarship, of which there are four holders. 

The consultant's impressions of the doctoral students may be summarized 
by the following statements. 
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Industrial Engineering Doctoral Planning Assessment 
Time to Reach Degree 



Year 


Total Elansed Time in Months 


Granted 


< 36 


36-43 


44-47 


48-59 


69-72 


>72 


1972-73 






1 


1 






1971-72 








2 


1 


2 


1970-71 

• 




2 




1 


1 




1969-70 




1 




1 






Totals 


0 


3 


1 


5 


2 


2 



Figure 5 
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University of Toronto* 
Industrial Engineering Department 

3.7 Physical Facilities ' 

The Industrial Engineering Department at the University of Toronto 
is not manufacturing oriented and thus does not have the large maehines 
that are in some IE departmental laboratories. There is no need for this 
heavy equipment, considering the thrust of the Department at Toronto. 

The facilities in the human factors laboratory are excellent - 
having a total value of approximately $150,000. It includes a Hewlett- 
Packard Recording System (7858-A, 7878-A), a Texas Instruments 960-A 
Computer and Peripherals, a PDP-11 computer and an EAI-TR-2G analog facility. 

The University of Toronto Computer Centre facilities are available for 
course work and research of faculty and students. T&is digital computer 
conf igureation does seem to be reasonably adequate for the demands of the 
IE Department. 
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University of Toronto 
Department of Industrial Engineering 



3.8 Recommendations 



« ft 



1. Develop a meaningful integration of the Information Systems and 
Operations Research groups with the Human Factors Component . 

It is natural for the first two groups to relate to each other since 
they. have similar educational experiences, but it is much more^diff icult 
to. bring together behavioural-psychological faculty with the systems -OR 
;.V type people. • .». v 

2. Emphasize in the doctoral program research related to re al world problems. 
With the M drying~up M of the academic market for new faculty, placement 
of the doctorates will be in industry, government, and service type 
activities. The existing program structure, with a strong methodological 

" base and concomitant opportunity for applications, does permit a student 
* to design doctoral program structure attuned to real wor. 1 d leeds. 

3. Appoint an additional full time faculty member in Human Fa t< rs Engineering 
to permit a concentration in this area at the doctoral lev *- The laboratory 
and instruction are valuable not only to doctoral students in Industrial 
Engineering, but also to students in other departments in *he Faculty of 
Applied Science and Engineering and in other programs at the University of 
Torbnto. > 

4. Provide incentive for more Canadians to continue as full time students / 
in their doctoral programs . Approximately one-half of the Canadians in x 
the IE doctoral program have employment in industry and government. 

This extends greatly the time to obtain the doctorate, with most of the „ 
students requiring 4-6 years to graduate. \^ 

4 

5. Focus research and educational objectives of the Human Factors stem on 

the engineering psychology thrust in contrast to the physiological emphasis 
in the Systems Design Department at the University of Waterloo . At the 
' present time this difference is. cited, but should be clearly delineated, 
especially with new faculty members to be added in this area in both 
universities. It is feasible at the expense of travel time that doctoral 
students from one school may elect to take courses from the other scfcool { 
to achieve the balance desired in his doctoral program structure. 

6. Stimulate faculty to obtain additional support from external sources so 
that funds will be available to achieve excellence in the abse nce of 
any addltionalfunding from the University . With a budget in the next 
several years expected only to reflect cost of living and merit increases, 
it will be essential to obtain funds from outside sources if the program 
is to continue to progress, maintain high quality standards, and 
achieve excellence. 

7. Establish a ra : port with the Faculty of Management Studies to avoid 
inordinate duplication of courses in Information Systems and Operations 
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Research. Effective allocation of resources, especially in a tight 
money situation, is important to obtain the goals and objectives of 
" the University. With the information of a quantitative structure in 
Management Studies, an attitude and working relationship of cooperation 
rather than competition must be generated. : 

8. De velop an awareness and potential stra tegies for implementing research 
In Ehj real world environme nt Experts in sophisticated analytical 
methods and mathematical model building are often criticized for tfcftir 
inability to have their tools and techniques accepted and applied. 

9. Struc ture a more Significant role of I ndustrial Engineering in the " 
oTheTln gineering departments rela t ive to systems involving the dynamics 
of man-machine interaction . While indeed some interaction has already 
taken place, the IE Department should take a leadership role in the 
man-machine systems of engineering. It is recognized that other* 



\ 



man-mac nine systems* ^ tiiB^'"«'b' — ° , , . . j, if „ " "\" 

departments also concentrate on the systems approach, but with different^ 

objectives. . I 

10. Deve lop an identity in information sys tems-which will clearly dklneate 
TtTTun ction and wilTierve as a nucleus and catalyst for this activity 
throughout the University . Information structures, . dat ^gS|^ torage . 
and retrieval, feedback and controls - are ubiquitous %h^hofc^a J 
large university and do require a definition of the activity profiles td, 
be subsumed under various departments and schools. • The expertise of 
IE faculty in computers, systems design and analysis, man-machine 
interaction, and optimization does suggest that they assume a significant 
role in this area. . . 



11. Design an organizational mec hanism at the graduate level which will provide 
hTldleTlnd an environment for Ph.D. studies and research for irtterdiscin- 
llna rV type activity. While it is recognized that the IE Department is. \^ 
involved in interdisciplinary type of activity, a need exists at the t 
University level for greater coordination and facility in the generation J. 
and development of projects which tend to take on a university-wide J 
perspective. As an example, at the University over 45 projects arte active 
in health care delivery systems. * 
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University of Windsor 
Department of industrial Engineering 

4.1 Overview of Consultants* Activity 

The University of Windsor campus'^was visited by the consultants on 
January 3, 1974. The discussions that ensued and the infqrmation requested 
were aimed primarily to provide both a factual and a descriptive basis, for 
the assessment of the doctoral program in Industrial Engineering. 

The original agenda included a meeting with the President of the 
.University, Dr. J. F. Leddy; the Dean of Graduate Studies, Dr. C. P. Crowley; 
the Dean of Engineering, Dr. D. J. Kennedy;- the Department Head, Professor 
C. L. Proctor, faculty from the Industrial Engineering Department and related 
faculty from Electrical Engineering, the Director of the Computer Center,^ 
Mr. L. F.^Miernicice, and the Director df\Central Shops, Mr. Brudy. 

, In addition, the Vice-President of the. University, Dr. F. A. DeMarco, 
joined the consultants for lunch. Due to the time constraint, the consultants 
elected, to forego inspections of the University Library and the Electronic 
Research Shop> f , 

As in the visits to Waterloo and Toronto, the day spent in Windsor was 
crowded with discussions with the Administration, faculty and students, as 
^well as inspections of the laboratory facilities. Despite the shortness of 
' the visit, the consultants feel that they have obtained an adequate factual 
basis for providing an assessment of the doctoral program in IE at Windsor and 
for commenting on the quality of faculty and students who are involved in it. 
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4.2 



University of Windsor 
Department of Industrial Engineering 

Agenda for ACAP Consultaries* Visit (Janua ry 3. 1974) 



Approximate Time 
9:00 a.m. - 9:30 a.m. 



9:30 a.m. - 
9:45 a.m. - 
10:00 a.m. 
i:30 a.m. 



9:45 a.m. 
10:00 a.m. 

- 10:30 a.m. 

- 11:00 a.m. 



11:00 a.m. 



- 11:30 a.m.. 
11:30 a.m. - 12:00 noon 



12:00 noon 
1:30 p.m. 



- 1:30 p.m. 

- 2:00 p.m. 



2:00 p.m. - 2:30 p.m. 



2:30 p.m. 
3:00 p.m. 



3:00 p.m. 
3:45 p.m. 



3:45 p.m. ■ - 4:30 p.m. 



Orientation Meeting with Department Head 
- Dr.' Proctor 

Faculty Lounge (Meet Faculty) 
Coffee (Faculty Lounge) 
Dr. J. F. Leddy - President 

Dr. A. Raouf (Man-Machine Systems) /Professor 
Eley (Industrial Liaison) 

Dr. C. P. Growl* , - Dean of Graduate Studies/ 
Dr. D. J. Kennedy - Dean of Engineering 

Dr. H. Elayat (Applied Operations Research)/ 
Professor A. Danish (Engineering Economics) 

■ \ , . • ' ' 

Lunch < 

Dr. W. M. Hancock - Adjunct Professor of Industrial 
Engineering (University of Michigan full time) 

Meeting with IE Graduate Students 

- R. Ghattos 

- D. McKenzle 

- R. Patil 

- B. Singh 

- Y. Wang 

Dr. W. C. Miller (Systems Simulation) /Dr. M. Shrldhar 
(Computer Aided Design/Stochastic Processes) 

Industrial Engineering Research Laboratories 
Dr. A. Raouf; Computer Center - Mr. F. Miernicke; 
Systems Laboratory - Dr. W. C. Miller and Dr. M. 
Shridhar; Central Research Shop - Mr. Brudy 

Dr. D. J. Kennedy - Dean of Engineering/ Department 
Chairman; Dr. C. L. Proctor - Head^of Industrial 
Engineering 
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University of Windsor 
Department of Industrial Engineering 



4,3 Overall Perspective 



As has been true for many industrial engineering departments in 
the United States, industrial engineering at the University of Windsor 
was initiated as an pption in mechanical engineering. The bachelor's 
curriculum was introduced in 1966, and the master's and Ph.D. programs 
in 1967, under the aegis of the Mechanical Engineering Department. 

The proposal for a Department of Industrial Engineering, separate 
from Mechanical Engineering, was approved in 1968, but was not implemented 
until 1972, at which time Dr. C. L. Proctor was appointed as Head of the 
Department. The program was approved by GCGS on the basis that this was 
not a new area of study since it had existed as an option in Mechanical 
Engineering; as a result, an, appraisal of the doctorate program was not made 
by* the Appraisals, Committee of the Ontario Council on Graduate Studies. 

In retrospect, it is easy to criticize the faculty selection procedure 
and the planning process employed prior to the formation of IE as a separate 
department. But what must be considered at this juncture is that the IE 
Department is in existence; a substantial number of students are enrolled 
currently in the bachelor's, master's, and Ph.D. programs; the instructional 
programs are attuned to the requirements of the region and its graduates are 
in strong demand; and last, but not least important, the Industrial Engineering 
Department has a high priority status for additional resources from Dr. J. F. 
Leddy, President of the University, and Dr. D. J. Kennedy, Dean of the 
Faculty of Engineering'. 

Dr. Leddy felt that the IE Department could and should assume" a 
leadership role in the University of Windsor's relationship with business 
and industry. In his view, IE plays an important role as a coordinating group, 
and there is a strong need for IE's with doctoral training in R&D and consulting 
activities. Dr. Kennedy expressed his strong desire to have a Ph.D. program 
in IE to complement the other engineering curricula, and indicated a willingness 
to make every effort to provide additional funding for the support of Departmental 
activities. 

If the Industrial Engineering Department at Windsor is to meet the 
objectives and aspirations of the Department and the Faculty of Engineering, 
a doctoral program is a requisite. Without a Ph.D. program, the Department will 
not be able to attract or maintain quality faculty or to attract external 
support for stimulating research projects. Even an undergraduate program is 
enriched substantially by faculty involved in Ph.D. courses and research. In 
the absence of a doctoral program, both the bachelor's and master's curricula 
would be weakened to a point where they will have little appeal to prospective 
students. 
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The consultants believe that the formation of the Systems Division 
in the Faculty of Engineering is a move in the right direction, since it 
provides an operational medium for industrial Engineering and Electrical 
Engineering to cross-list courses and share research and laboratory fi. 
equipment. This division has been in existence for one year and has 
already resulted in obtaining funds from NRC for additional computer power 
and in joint teaching of one course. This relationship between IE and EE, 
while in its infancy at the present, should contribute to the" critical 
capability" required to offer a doctoral program. * 

In summary, -the consultants accept 'th» argument for a doctoral program 
in IE at Windsor and recommend that, it Jie 'supported at a level sufficient 
to attract quality .students and carry them 'through their graduate studies. 
This will require the addition of at least one, and preferably two, well 
.qualified faculty capable of teaching and directing research at the Ph.D. 
level. 

This recommendation for additional funding is actually quite conservative 
when viewed in the light of the substantial contribution that the IE Department 
can make to the educational process and public service in the Province of 
Ontario, and the fact that the University of Toronto is the only other school 
in the Province with an Industrial Engineering Department. 

A more detailed evaluation ojf the Department's strengths and weaknesses 
are contained in the following sections. The, consultants' recommendations 



\ 



are given in Section 4.8. 
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University of Windsor 
Department of Industrial Engineering 

4.4 Nature of Programs Offered 

Since the doctoral program is an integral part of the total educational 
spectrum of the IE Department and .must be considered together with the 
under-graduate and master's programs, a brief presentation will be made of 
their salient features and characteristics before a more detailed discussion 
of the Ph.D. curriculum is offered. 

The academic programs are more production, mission-oriented than those 
at the University of Toronto and are focused to satisfy the demands of the 
region. The undergraduate student enters the IE program in the third year, 
after having completed two years of engineering at the University. The 
first two years provide the basic science and engineering foundation, with 
the latter two years devoted to 1 man^machinV operating systems -- which 
includes coventional Industrial} Engineering, such as work management and 
analysis, plant flow analysis, engineering economy, data processing, 
operations research, and systems engineering. 

The following three divisions were established by the Faculty of 
Engineering, for the purpose of coordinating graduate studies within the 
Faculty: Engineering Process Design, Structures, and Systems. The IE and 
EE departmental course offerings constitute, with the exception of one 
course in traffic engineering, the entire Systems Division structure. The 
objective of this division organization is to jsuake more effective utilization ' 
of available resources and to stimulate interaction among departments in the 
Faculty of Engineering. The consultants consider this to be a desirable 
objective to achieve, especially since the number of faculty in any one 
department- at Windsor is relatively small. This divisional structure was 
initiated in 1972 and the impact on graduate education in Industrial 
Engineering has not been significant as yet. Due to the involvement of 
industrial engineers in environmental types of problems, in the future the 
IE Department should also formally interact with the Engineering Process 
Design Division. 

In contrast to the Systems Design program at Waterloo and the Industrial 
Engineering program at Toronto, where both Master of Engineering and Master 
of Applied Science programs are available, only a Master of Applied Science 
curriculum is available at Windsor. However, the Master of Applied Science 
degree at Windsor permits the student to elect a non-thesis option as well as 
a research thesis, and thus does tend to encompass both the M. Eng. and M. 
Applied Science of the other two institutions. 

To be admitted to the Phjfl). program in IE at Windsor the applicant must 
have at least a Master's Degree in Applied Science, Engineering, or Pure 
Science. A minimum duration of two full years of full-time study beyond the 
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M.A.Sc. or its equivalent is required. Asfis- true in many Canadian 
universities, the major emphasis is ou the research for the thesis and 
formal course requirements are quite minima^ - When a student initially 
registers in v the Ph.D. course of study, a research advisor and two 
additional members are appointed by the Department Chairman to provide the 
planning and direction of the student's program of study. The Ph.D. student 
is required to take a minimum of 8 semester hours of course credit beyond 
the Master's level, and is also expected to attend ail of the Department s 
graduate seminars.; After approximately one year in the doctorate P*°S ra »> 
the student Is required to submit his research proposal for approval by his 

committee. . • 

f " ' * 

After completion of all formal course work the student must satisfactorily 
complete a Comprehensive examination, which may consist of an oral or a 
written test on general industrial engineering, or must present a seminar on 
a topic other than the student's major concentration area. Each doctoral 
student must present his work in a Preliminary Seminar, an Intermediate 
Seminar," and a Final Seminar on his dissertation research. /- 

None of the Ph.D. students interviewed were advanced sufficiently in 
the program to give an in-depth presentation of their thesis research; thus, 
it was not feasible for the consultants to form a detailed view of their 
research capabilitieSTand interest areas. Identified were such broad areas 
of interest as human factors, industrial labor safety problems .systems 
engineering, materials science, and operations research; reliability. Clearly, 
a high level of competence on the pan of the faculty supervising the theses 
of these students is essential to the viability of the Ph.D. program. 
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" .Department of Industrial Engineering 

* 

4,5* Faculty Quality and Sl2e 

The faculty, of the Department 'of* Industrial engineering- comprises 
four full-time members of the professorial staff; Professor C. L:. Proctor 
(Head); Associate Professor *A.- Raouf; Associate Processor A. -A. Danish; 
and Associate Professor N. G. Eley. In addition,? Lecturer H. Elayat is 
serving as a temporary replacement for Professor* A. Danish while he is on 
sabbatical leave at Virginia Polytechnic and State University, -and. Dr. 
W." M. Hancock of Michigan has a nominal title of Adjunct Professor. At 
present, only two professors have tenure. 

To view the faculty in a proper perspective, it is important to bear 
in mind the following facts concerning the history of the Department. 

Industrial Engineering was started as an undergraduate option in CE 
and ME in 1966, and as a graduate program in ME in 1967. As a first step 
in the initiation of this program^A. Raouf was appointed as an Assistant 
Professor of Industrial Engineering in 1966, after receiving the M.S. I.E. 
degree from the University of Toledo. In 1967, A* Danish (M.S.T.E. 1967, 
Georgia Institute of Technology) was appointed as Assistant Professor, 
followed by^the appointment of N. ^ley (M.Eng. 1950, Chrysler Institute of 
Engineering) as Associate Professor and Director of Industrial Liaison in 
1968. 

f 

The formation of the Department of Industrial Engineering was approved 
in 1968, subject to the condition that its implementation would be deferred 
un&il Head of the Department is appointed. Thus, Industrial Engineering 
functioned as a graduate program in ME till 1972, when Professor Charles L. 
Proctor (Ph.D. 1963, Oklahoma State) was appointed as Professor and Head, 
Industrial Engineering Department. At that point in time, the graduate IE 
program in^ME (both M.A.Sc. and Ph.D.) was transferred to the new department, 
with the result that no approval for the initiation of a doctoral program in 
IE was necessary. 

• / 

The salient fact is that all but one of the current .members of the 
Department were inherited from the IE program in ME. No new appointments 
have been made since Dr. Proctor became Head in 1972, because there were no 
vacancies to be filled. 

Judged by the conventional academic criteria, the quality of the faculty 
is marginal. Two of the members of the faculty do not have the Ph.D. degree 
or other credentials indicative cf significant accomplishments in industry or 
the academe. On the other hand, the third professor is clearly a man of 
considerable competence in his field whose activities. in teaching, research 
and professional societies reflect much ctjedit on the Department and give it 
favorable visibility. Also on. the positive side, the fourth professor has an 
unusually broad background in industrial engineering and has the capability to 

1 "" » v 
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touch graduate courses and supervise graduate research. \ 

The qualifications of the faculty look somewhat better if one assumes 
that the maifc mission of the Department is to serve the needs of local 
industry* which is centered on automotive manufacturing and related 
production activities, in this context, the professors' industrial 
backgrounds are fairly well matched to the mission of i ae Department and 
are conunensurate with" the Department's intention (see Cue attached 5-year plan) 
to -siress^the specialties of Production Systems and Man-Machine Systems.. . / 

I fc is clear that, with its. present faculty, the Department can play only 
a highly circumscribed role in filling the demand for industrial engineering 
graduates in Ontario. Nevertheless, it is the feeling of, the consultants^ 
that, limited as this role may be, U is a useful, one, and the Department s 
t»t forts *to strengthen its programs are worthy of support. 

Our discussions with President J. F. .Leddy, Vice-President, F. A. 
DeMarcow Dean>r."""fK- Crow ley (Graduate Studies) and. Dean D. JV Kennedy 
(EngineLingf left us with the impression that the administration of the 
Iniversity of Windsor is strongly committed to the continuation of the 
doctor.il program in Industrial Engineering, and is prepared to assign a high 
priority to Its further development. 

To have a doctoral program of acceptable quality. does require the 
addition of at least one well qualified faculty member. It is essential, 
also, that the Department utilize to the greatest extent possible the 
resources in faculty and facilities available in other departments both within 
and outside the Faculty of Engineering. The Department has taken commendable 
initiatives in this direction by strengthening the cooperation between 
Industrial Engineering and Electrical Engineering and encouraging the participation 
of the IE faenltv in the Industrial Research Institute. Specifically, the 
Chairman and two' prof es»u^ from the EE Department are" jointly involved in 
teaching graduate courses in stochastic processes and computer-aided design, as 
well as in a $57,000 grant from NRC for' research in Signal Processing and 
Systems. However, the relation H^fween IE and the Faculty of Computer Science 
is%ot as strong as it might be-. The consultants feel that there is considerable 
room for the strengthening of cooperative ties between IE and Computer Science, , 
as well as in the Engineering Process Design Division, and, to a lesser degree, 
with the faculty of Business Administration. 
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4.6 Quality of Student Body; Admission Requirements 

The quality, ^size and character of the graduate student body within 
the Department of Industrial Engineering in 1973-74 must be viewed in the 
perspective of its transition in 1972 from a few graduate students enrolled 
in the IE, program in ME to a still small but growing number of graduate 
students in the two areas (Production Systems and Man-Machine Systems) 
which constitute the focus of graduate training and research within the 
Department. • - 

The growth in the si2e of the graduate student body since 1968-69 
together with the projected size for the years 1974-78 is shown below. 



M.A.Sc. Ph.D. 



Year 


Full -Time ' 


Part-Time 


Full-Time 


Part-Time 


1968-69 


1 




1 




1969-70 


1 




1 




1970-71 


5 




1 




1971-72 


5 


1 






1972-73 


7 


3 


1 




1973-74 


13 


7. 


4 


1 


1974-75 


14 


8 


4 


1 


1975-76 


14 


8 


5 


1 


1976-77 


14 


8 


5 


1 


1977-78 


14 


8 


5 


1 



The sharp increase in the enrollment of both M.A.Sc.'s and Ph.D. f s 
which took place this year is probably due to the energetic efforts made 
by Professor Proctor to increase the visibility and improve the quality 
of the graduate program in Industrial Engineering at Windsor. However * as 
the projections made by the Department indicate* the size of the graduate 
student body is likely to remain static in the next five ye^s unless the 

number of faculty is increased by a substantial margin. 

v 

The consultants met with five graduate students: R. Ghattas* B. Singh* 
Y. T. Wong* D. McKenzie and R. Patil. Of these* three are landed immigrants 
and two are Canadian citizens. Three are M^A.Sc. candidates intending to go 
on to the Ph.D. degree and two are working toward the Ph.D. degree. 

* 

We tried to ascertain the reasons for the students choice of the IE 
Department at Windsor for their graduate study* considering the small size of 
ti*e Department and its lack of an established reputation in its field. 
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Representative of these reasons are the following. 

1 Did not apply to Toronto because the OR program In Toronto is too 
specialized. Prefer Windsor because it has a social science touch. 

2. Main attraction of Windsor is close association with industry and the 
small number of students and faculty members. 

3. The computing facilities at Windsor are excellent. 

4. Influenced by Professor Proctor*s move to Windsor. 

It appears that the main attraction of the graduate program at Windsor 
is its practical orientation and small size. In addition, we presume-- 
without having *ard evidence to support it~that the admission ^andards at 
the IE Department at Windsor are lower than those of the IE Department at 
Toronto and the Systems Design Department at Waterloo. (We requested the 
Department to provide us with the files of students whose admission to graduat 
study was denied, but the material could not be assembled in time. The 
inflation concerning admissions is shown in Figure 6. Five other students 
were accepted for admission but did not enrol and another seventeen applied 
but were rejected. Of the students in all 3 categories, all but 6 have 
received all or part of their education in Asia). 

The diversity of the backgrounds of the students whom we interviewed 
makes it difficult to provide a meaningful assessment of the °*J*f 
graduate student body. Clearly, the graduate students in the IE Department 
at Windsor are not of the same caliber as their counterparts at T <** n *°' 
Nevertheless, overall impression of the quality of graduate students in IE 
at Windsor is not unfavorable. The students with whom we came in contact 
speared to be alert, stroh*ly motivated and enthusiastic. They are pleased 
with the environment at Windsor and are satisfied with the opportunities for 
graduate study and research within the Department. 
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4.7 Research Support and Phy sical Facilities 

In 1973-74. the total amount of research support in the Department 
amounted ^approximately $45,000 *^ of a total of $750,000 for the 
Acuity of Engineering. Of this amount, one professor accounted for 
$35,000, as shown below: 

Granting Agency Title Amount 

\ Government of Ontario Repetitive Hand Motions $26,000 

N . R , C . Combined Manual and < $ 4.00° 

Decision Xasks 

\ X.O.D.E. Hospital Hospital Systems $ 5,000 

In addition, two other prof essors have personal research grants, 
one a grant of $9,000 from the Post Office to study mail prediction 
Sterns and the other, a grant of $1,700 by the Department of University 
Affairs to develop standard time data for assembly operations. 

Clearly, the distribution of research support among the mem J> er « n ° f 
the Department is highly unbalanced, suggesting that the research conducted 
by some of the faculty members is not of sufficient significance °r 
practical value to merit external support. On the P»«^^ Q 9 ^» h ^ eVer> 
the consultants were favourably impressed by the Initiatives taken by 
Professor Proctor to strengthen the research activities within the 
Department through cooperation with Electrical Engineering. The oint . 
proposal submitted by him and two EE professors to N.R.C. has resulted in 
the award of $57,000 toward the acquisition of a Datagen minicomputer for 
digital signal processing, and is likely to contribute in significant ways 
both to th! instruction!^ research in signal analysis and related P^blem 
areas. Additionally, the members of the Department are Hrt*^"* 
activities of the Industrial Research Institute, which currently receives 
$350,000 per year in outside support and $50,000 from the government. 

Insofar as student support is concerned, it should be noted that of the 
five Ph.D. students who are currently enrolled, three are teac hing 
one is a full-time employee of the Computer Center, and one is self-supporting 
due to his arrival after the award of the grants. It appears that the 
availability of financial support for graduate students does not present a 
problem at present, and is not ii*eiy to become one in the future. 

The Departmental laboratory facilities are quite modest in relation to 
those at Toronto and Waterloo. They consist, in the^ain, of a Human 
Performance Laboratory in which a few doctoral students work on problems 

IS sorting, unloading of jumbo jets time and motion studies <u* ,ing 
a conveyor belt), etc. The work is supported by the Labor Safety Council 
and N.R.C. 
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The computing facilities - which comprise an IBM S/360 together 
with its peripheral equipment and a small IBM 1620 - are readily 
available for use by 'faculty and students and provide excellent service. 

In summary, because of its newness and lack of an established 
reputation in its field, almost all of the students applying for admission^* 
to the Department are foreign (mostly Asian), with widely varying 
educational backgrounds and uneven in quality. The average level, ^however, 
is not low and the, morale of the student body as well as their degree of 
satisfaction with the instruction which they receive appears to be high. 

V 



\ 

I 

\ 
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4«8 Recommendations . .. * . 

Continue the doctoral program, but not on high-priority basis. It 
would be unrealistic and wasteful of the limited resources which the 
Department has at its disposal to attempt to build up a doctoral program 
that can compete, even remotely, with those at Toronto and Waterloo. 
The aim should be to have a small-scale program which complements those 
at Toronto and Waterloo and emphasizes production, mission-oriented 
type training which fits the needs of the region. 

Draw on the resources of other departments for instru ction and laboratory 
fa cilities^ In the present climate of austerity and retrenchment, the 
Department cannot expect to be able to expand its size and facilities 
even if its graduate enrollment goes up by a substantial margin. Thus, 
whenever possible, the Department should enter into cooperative 
arrangements with other departments, especially Electrical Engineering 
and Computer Science, to make use of their facilities and faculty 
resources. 

M ake a concerted effort to obtain more resear ch and facilities support 
f rom both government and industry . The current level of external 
research support within the Department is quite low and unevenly 
distributed. Every possible effort should be made to obtain donations 
of equipment from industry to upgrade the Human Performance Laboratory. 

Ra ise the standards of appointment and advancement of faculty. The small 
size of the faculty and its uneven quality make it essential that new 
appointments and advancements be made with utmost care. Vacancies should 
be widely advertised, and inbreeding should be avoided. 

Allocate a new position to be filled on a te mporary basis. At present, 
the number of full-time faculty members (4) is too small in relation to 
the totality of the responsibilities of the Department in teaching and 
research. On the other hand, considering the scarcity of new positions 
in the University, the allocation of a full-time position to the Department 
would be hard to justify at this juncture. Under the circumstances, a 
temporary addition to the faculty would be a reasonable compromise, with 
the understanding that, eventually, the temporary position would be 
converted to a regular full-time one. 
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5.1 Overview of Consultants' Activity 



The consultants spent one day - December 18, 1973 at the University 
of Waterloo, in the course of which they met with the Dean of Graduate 
Studies, Dr. L. A. K. Watt; the. Dean of Engineering, Dr. A. N. Sherbourne; 
the Associate Dean, X. A. Brzustowski; and the faculty and students in the 
Department of Systems Design. The consultants also inspected the laboratory 
facilities and the Computer Center. There was no opportunity, however, to 
have discussions with members of the faculty of the^Department of Management 
Sciences. Thus, the views expressed in Section 5.8 concerning the * 
interrelation between Systems Design and Management Sciences are based largely 
on the discussions with Dean Sherbourne, together with the Report to ACAP 
on the Department of Management Sciences which was made available to the 
consultants by Dr. M. A. Preston. 
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5.2 Agenda for ACAF Consultants' Visit (Decemb er 18, 1973) 

9,30 a.m. J Dean L. A. K. Watt, Graduate Studies 

Dean's Office, NH3024, Ira Needles Mall 

10.00 a.m. Dean A. N. Sherbourne, Associate Dean T. A, Brzustowski 

Dean's Office, Faculty of Engineering, Room E4.4301A 

10.45 a.m. Coffee with Graduate Studies Committee of Department 

of Systems Design - Profs. T. M. Fraser, P. H. Roe, 
I B. L. Wills, and Dean Sherbourne (by invitation) 

Room 3330, Engineering II (Chairman's Office) 

11.45 a.m. Leave for Faculty Club 

12.00 noon Lunch, Faculty Club 

Dean Sherbourne, Profs. T. M. Fraser, P. H. Roe 

1.00 o.m. Visit. University, Faculty, and departmental facilities 

I 30 p.m. Peripheral Vision Laboratory - graduate students 

D.S. Kochhar, V. W. Sowa, and Prof. T. M. Fraser 

2.30 p.m. Room 1307C. Graduate Students, X. S. Ho, R. Marrett, 

r. Divi, and Profs. P. H. Roe, M. Chandrashekar 

3.00 p.m. Coffee, Room 1307C, Faculty members, Department of 

Systems Design * 

■ * 

3.30 p.m. PDP-9. Graduate Students , K. Andonian, G. J. Savage, 

r. Maddux, and Profs. B. L. Wills and S. Toida 

4.15 p. ro . Room 3330, Engineering II. Graduate students C. Lacombe, 

G. Nwachuku, Profs. T. M. Fraser, P. H. Roe 

* 

5 # 00 p.m. Summation - 
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5.3 Overall Perspective 

The Department of Systems Design at Waterloo is unique not only 
in terms of its name but also in the character and orientation of its * 
graduate and undergraduate programs. Started in 1965 under the name of 
Department of Design t it grew out of design groups in Civil Engineering , 
Mechanical engineering and Architecture* Its present name and organizational 
structure date to 1968, when Professor H. K. Kesavan, was appointed as 
chairman. Since 1972, the Department has been under the chairmanship of 
Professor T. M. Fraser. 

In effect, the Department of Systems Design is an amalgam of several 
distinct areas of teaching and research, some of which fall within the 
provinces of Industrial Engineering, Operations Research and Management 
Science, some within Electrical Engineering, Mechanical Engineering and 
Aerospace Engineering, and some within Psychology. 

The basic question that must be posed -and answered is: Is there a 
ralson d'etre for such an amalgam? In the view of these consultants, the 
answer is in the affirmative for reasons that have local rather than 
global validity and thus may not apply to other institutions. 

Our overall impression is that the Department of Systems Design is 
comprised of an active, enthusiastic and, in the main, competent group 
of faculty who have been provided strong support by Dean A« N. Sherbourne 
and are dedicated to building up a first rate department in terms of its 
physical facilities, instructional programs and research productivity. 
The quality of the graduate student body, on the other hand, is rather 
mixed, and it will probably take some time before it catches up with the 
quality of ~the faculty. This, of course, is to be expected in the case of 
a young department operating in an area that does not fall into an 
established field of science or engineering. 

The demand f o^ the graduates of the Department is strong and is likely 
to become even stronger in the years ahead, as large-scale systems become 
more and more complex and the need for specialized training for their design, 
operation and management becomes more manifest. Thus, the Department will 
be filling an important need educationally and, in addition, is likely to 
make significant contributions to system science, management science and 
human factors through its research in these and related areas. 

A more detailed assessment of the Department's strengths and weaknesses 
is presented in the following section. Our recommendations are proferred 
in Sectipn 5,9. 



\ 
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v 5.4 Nature of Programs Offered 

The programs of study in Systems Design at Waterloo have several 
distinctive features which lend a unique character to the Department and 
on the whole, enhance its attractiveness to both undergraduate and graduate 
students. x 

The most important feature, which is shared by all departments in the 
Faculty of Engineering, is the Co-operative- Engineering Program ^ich is 
unique in Ontario and, until recently, was unique in Canada, lender this 
program which currently has a 'total enrollment of 4500 (2700 in engineering), 
all undergraduate students in engineering must ±o through eight terms of 
study and six terms of industrial employment to receive the Bachelor's degree. 
The cooperative M.A.Sc. program is open to all qualified students graduated 
from Waterloo; it involves 3 academic terms and 3 work terms, adding up to 
a two year program for the master's degree. 

On the Masters level, the student has a choice of three programs: 

(a) The Project M.A.Sc, in which the emphasis is on course work (a 
minimum of eight course units) and in which a research project 
involving an engineering application or a design problem is a requirement, 

(b) The Thesis M.A.Sc, in which only four course units ar e r ^ u ^ d o a ^ e ^. 
student is expected to devote a substantial amount of time to his thesis, 

and . 

(c) The Cooperative M.A.Sc. , in which the student is required to spend three 
terms in industry or government, acquiring experience in the area of his 
career interest. 

The availability of three alternative programs on the graduate level 
raises the question of whether or not it is desirable to offer the undergraduate 
students, too, a choice between the existing cooperative program on the one hand, 
and a more conventional non-cooperative program which would require only four 
years for the bachelor ' s degree on the other. 

Although this issue ia>, in principle, an important one, it did n^^ll 
within the purview of the Consultants and hence was not raised in ^ourse 
of discussions with_Dean Sherbourne and other members of the faculty. It will 
suffice to say that the non-availability of a non-cooperative program on the 
• undergraduate level should not be regarded as an immutable policy for all 
departments within the Faculty *of Engineering. 

Another unique feature of the program in Systems Design is the av a"*^*"* 
of four distinct options on the undergraduate level, each of which Is characterized 
by a set of option core subjects together with a set of technical elective courses. 
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The option* in question are: (a) Computer Systems; (b) Human Systems 

Engineering and iDesign; (c) Socio-Economic Systems;and (d) Systems Theory* 

1'ogether, 'these options cover almost every conceivable area of specialization 
with the broad field of Systems Design* - 

Titers are no options on the graduate level* Instead, the student is ^ 
given a choice between three types of programs leading toward the M.A.Sc. 
degree, as referred to already* In the Project and Co-operative M.A.Sc. 
programs % tin? student is required to take at least four from a designated 
list of six courses*, plus four elective courses. In the Thesis M.A.Sc. 
program, the minimum course requirement is four* with no specific courses other 
than the Research Seminar required. 

i 

A question may be raised concerning the appropriateness of requiring 
specific courses in the Project and Co-operative M.A.Sc. ptograms, sinct the 
prevalent practice is to give the graduate student nearly complete freedom 
in the choice of courses, subject only to the approval of a faculty advisor, 
in this regard, the consultants feel that the somewhat more restrictive policy 
of the Systems Design Department could be defended on the grounds that the 
nature. of the field of Systems Design is such as to require that the student 
receive a more than perf victory training in its major subfields, which center 
on systems theory, conflict analysis, design principles, human cQmmuiUcat ion 
and computer-aided design* \ 

^i'he Ph.D* program has no specific course requirements and normally 
requires about three years to complete. The minimum residence requirement 
is two calendar years beyond the Master's degree, with five years being the 
maximum* La. n student is required to take a comprehensive examination within 
a year and not later than 18 months after admission to the Ph.D. program.. In 
a somewhat unusual departure from standard practice, a student who fails the 
examination may take instead an enlarged course-work program. There is no 
foreign language requirement. 

At pr&Sipit f the Ph.D. program has 11 PTE students of whom only four are 
Canadian. The Ph.D* program accounts for approximately 102 of the total 
Departmental effort, compared with 25% for the M.A.Sc* programs and 65% for 
the undergraduate program* 

Apart from several senior undergraduate courses which may be accepted 
in lieu of graduate courses, the Department offers only nine graduate courses 
on a regular basis, covering the areas of system modeling, computer-aided 
design, games, systems theory, decision theories, design morphology and human 
communications. The catalog descriptions of some of these courses, especially 
those dealing with Games, Metagames and Rationality (SD631) ; Applied Metagame 
Theory (SD632); Design Morphology and Communication (SD668); and Theory of 
Human Communications (SD671) give the Impression of a superficial treatment of 
vaguely defined topics which are lacking in "hard" content. There are no 
courses on mathematical programming, optimization techniques, or stochastic 
systems, presumably because courses in these areas are offered by other 
depat Lmejjts, especially Management Sciences and Combinatorics and Optimization. 
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Overall, the consultants* assessment of the graduate programs in 
\the Department Is somewhat mixed. On the positive side, the programs 
are reasonably flexible and offer^the student a wide choice of areas for 
study and research. On the negative. i»ide, the Department does not have 
the necessary resources in faculty or laboratory facilities to offer 
highly substantive courses on topics which fall within its purview, 
except, perhrfps, in the area of Human Engineering. As a result, many^of 
>the' graduate courses offered by the' Department tend to fall into the "soft 
category, and are not likely to be taken by many students in other 
departments either within or outside the Faculty of Engineering. 
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1 5.5 Faculty Quality and Size 

Judged by the cdventional criteria, the quality of the faculty 
presents a somewhat *bixed picture. Of the fifteen full-time members 
of the Department, seven - which is a rather high hutnber - do not have 
the PhD degree. However, all seven fall into the category of "older" 
members (42-65), most of whom were on board when the department was formed. 
The younger and more recent appointees all have the PhD degree * However, • 
the av^r^ge age of the faculty is 44 - which is on the high side. 

\ In *erus of professional competence and industrial experience, the 
quiuity of Lhe faculty is b*sh# but not uniformly so. Some members of 
the department have extensive- and widely diversified backgrounds and high 
competence in one or more of the fields of study of this multidisciplinary 
department. 

Of the fifteen full-time members fcf the Department, only five members 
may be considered to be prominent in their fields. In addition f four others 
appear to be on the way to achieving recognition. The remaining members 
have rather meager publication records, due in part, perhaps, to their 
industrial background and orientation. 

All in all, the degree of external visibility of the faculty must; 
be judged to be below par. This does not^nean that the faculty is lacking 
in competence: rather, it is a reflation of the nature of tha historical 
development of th* Department and the difficulty of attracting faculty " 
member* with established reputations- in a field as new as Systems Dc 'ign. 

Given the uneven quality of the earlier ^appointments to the^f acuity, the 
quest; Ion of whether or «r»t the recent appointments have been of uniformly 
high quality acquire *dded importance. The consultants do not have sufficient 
information on these appointments to offer a definitive judgement. However, 
the skeletal information provided by the Department does not appear to be 
particularly reassuring on this score. 

In summary, the quality of the faculty pte&ents a somewhat mixed picture, 
with only about 30% of the staff qualifying to be placed in the "prominent" 
category. More importantly, the quality of some of the appointments made 
during the past three years is open to question. Nevertheless, the faculty, 
on the whole, is competent, active* dedicated and forward-looking. On this 
basis, the consultants are confident that the Department will grow iu stature 
in the years ahead aud will become attractive to outstanding faculty prospects. 

The Problem of Inbreeding 



It is somewhat disquieting to observe that four out of fifteen faculty 
members have received all or most of their training at Waterloo, with the ir.ost 
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recent appointee receiving his Ph,D. degree from the Department. This 
suggests that inbreeding has become a problem that is in need ef watching, 
for it would be highlv detrimental to the future of the Department to 
have a substantial fraction of its faculty comprised of its own graduates. 

Research Productivity 

— — * c -* , 

Since l*t>S, the Department has produced 31 Masters and 5 Doctorates, 
distributed as shown below 

\ \ • 

1969-70 1970-71 ■ V 1971-72 1972-73 



1968-S&9 



>TaTsc. Ph";D. >Q7scT~Ph7D. M.A.Sc. Ph.D. M.A^Sc. Ph.D. M.A.Sc. Ph.D, 



12 



11 



The production of both Masters and Doctorates took a Jump in 1972-73 
and is now about par in relaHon to the size of the graduate student body: 
(16 F.T. + 6 P.T.) M.A.Sc. + (11 F.T. + h P.T.) Ph.D. (The production of 
Ph.D.'s is usually about 10% of the number of graduate students.) 

The attached tabic (Figure 7) of research support for departments in 
the Faculty of Engineering shows the total amount of u su PPf <; J*° m *° UrCeS 
tor the Department of Systems Design for .973-74 to be $62,800, which is 
quite low in relation to the size of the Department. In ^is connec ti£. 
it should be noted that for the Faculty of* Engineering (165 FTE +12 Visiting) 
the total amount is approximately $5,000,000, which averages to $30,000 per 
FTE. At this level, the total amount of research support for Systems Design 
should be of the order of $500,000. The explanation for the much lower figure 
of $62 800 is that almost all of the research conducted within th« apartment 
isofa type that does not require the expensive laboratory equipment that 
accounts for higher research expenditures in other departments. Still, there 
is some question as to whether $62,800 an adequate level of support for 
a department with fifteen -full-time members which is in the process ot expanding 
its programs and increasing the size of its student body. 

* 

Discipline backgrounds 

Since Svstens Design is an amalgam of various disciplines, it is not 
surprising that the backgrounds of the members of the Department manifest 
what for a department in an established field would be an unusually wide 
diversity of patterns ot education and industrial experience. % 

uf the fifteen full-time members, by far the largest group, six in all 
have their main training in electrical engineering; two have been trained in 
statistics and operations research; and the remaining seven members have 
backgrounds ranging from medicine to civil engineering. Despite this diversity, 

the Department functions well as a unit and appears to be free from factionalism. 
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S.6 Qua lity of Stud ent Body c Admission Requirements 

The variation in the size of the graduate student body during the 
period i9t>8-?3 is shown in Figure 8. Allowing for short-term fluctuations, 
the trend in clearly an upward one* The number of graduate students in 
1972-73 ((lb V ♦ T . +6 P. TO Masters f (11 F.T. + 4 P.T.) Doctorates) is 
on the small side in 'relation to the nurcDev oi undergraduates (approximately 
300 F.T.) However, it is about as large as it can be in reiation to the 
number og faculty members who are capable of supervising graduate research. 
"Furthermore, it is not small in relation to the number of qualified 
applicants. 

According to the information furnished by che Department, about 30% 
of the applicants are admitted. Of these, approximately 50% are non~ 
Canadian. The proportion of foreign students, although high in absolute 
terms, is about the same as in most industrial engineering departments in 
North American institutions. However, what is important about the 50% 
ratio is that it suggests that the present size of the Department is roughly 
in balance with £he need for graduate training in Systems Design. 

In summary, our impressions of the graduate (mainly doctorate) students 
in Systems Design may be stated as follows: 

lV ylost of the students have, heterogeneous .disciplinary backgrounds, some 

coming' from engineering, some from humanities, some from computer science 
and a few from mathematics. This diversity of backgrounds makes it 
difficult to enforce high admission standards and maintain a uniformly 
high level of quality of graduate research within all areas of 
departmental activity. . ^ 

2. The quality of graduate students s sejtftering the Department appears to u« 

very uneven. Many give the impression of having marginal qualifications, 
and some are clearly poorly prepared for doctoral research. 

3. WithouL exception, the students are highly pleased with the Department 
and are enthusiastic about their work. The esprite de corps of the 
students is, on the whole, very high. • 

4. The Department is doing what it can to improve the quality of its 
graduatfc^student body. Howeve", the process ia likely to be a slow one, 
since it takes a long time to raise the reputation of a department to 

a point where it can attract outstanding students from other, longer- 
established, institutions. 
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INDUSTRIAL ENGINEERING ©OCTORAL PLANNING ASSESSMENTS 

' (1) . 

POPULATIONS ' 



POPULATION 


1968-69 


1969-70 


1970-71 


1971-72 


1972-73 


(2) 

FACULTY 


F. T. 


9 


13 


15 


17 


17 


P. T. 

i -.. i — 


I 


1 


- 


- 


- 


MASTERS 


F. T. 


16 


10 


10 


16 


16 


(3) 

STUDENTS 


P.T. 


0 


6 


0 


3 


6 


DOCTORAL 
STUDENTS 


F. T. 


7 


5 


9 


m 
i 


11 


P. T. 


1 


3 


1 


1 


4 


POSTDOCTORAL 
FELLOWS 




6 


1 


1 


1 ' 


2 



(1) As of December 1 

(2) Includes assistant professors and up. If /faculty member spends time in two 
divisions, count him once in each. Do nottae a percentage. A part-time 
faculty member is one defined as such by the university at time of appointment. 
AH faculty counted here appear on Form 1 and CV's are included. 

(3) This does not include make-up and qualifying year students. 
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5.7 Physical Facilities 

Bv itsnature. Systems Design is not a field that calls for extensive 
laboratory facilities like those of Chemical, Civil, Electrical and 
Mechanical Engineering. With the exception of human engineering, much bf 
the activity in Systems Design involves system simulation or analytical 
studies of system behaviour and decision-making. Viewed in this perspective, 
the laboratory facilities of- the Systems Design Department at Waterloo are 
.quite adequate but not outstanding. 

The most impressive facility wit-Mn the Department is the Human Systems 
Laboratory directed By Professor T. M. Fraser. The principal research 
activity in this laboratory centers on the Peripheral Vision Project, which 
includes a dynamic peripheral vision simulator, projection equipment, 
electronic recording equipment, etc. This equipment is used by Mr. D. Kochhar 
in connection with his NRC supported research on a mathematical model of 
peripheral vision. The consultants were very favourably impressed by-fhe 
Human Svstems Laboratory and by the relatively high quality as well a* 
practical relevance of the research conducted within this Laboratory. , 

In addition to thq HWm Systems Laboratory, the Department has a 
Production Engineering Laboratory (directed by P.L. Seeley) which is equipped 
with a coordinate profiling machine, a TT cdntTfol computer and supporting 
instruments. This facility is capable of encoding graphic patterns and 
producing templates based on programmed modifications to a prototype pattern. 

The Department also has access to a PDP-9 facility which is u«ed for 
/ research in computer graphics. An Animation Laboratory (directed by D. 
' Schleiermacher) includes an Ojcbewy animation facility and associated 
photographic equipment. A Human Engineering Laboratory (under the direction 
of G. F. Rabideau) is under development and is intended for use in graduate 
teaching in human engineering. 

The extra-departmental facilities comprise, in the main, the University 
Computing Center, which is among the best on the North American continent; 
the Engineering Photographic and Graphic Department, which was developed by 
the Department of Systems Design; and the Engineering Machine Shops, which 
are well equipped with modern machine tools for electrical and mechanical 
design and fabrication. 

In their totality, the laboratory facilities of the Department of Systems 
Design are significantly less extensive than those of the IE Department in 
Toronto but much more impressive than those of the IE Department at Windsor. 
As stated earlier, the facilities are, on the whole, quite adequate., and in 
the case of the Human Systems Labotatory, very Oppressive. 
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3.6 Relation with the Department Of Management S ciences 

An assessment of the graduate program in Systems Design at Waterloo 
would be incomplete without an examination of the relation between the 
Departments of Systems Design and Management Sciences, both of which ate 
In the Faculty of Engineering and thus have to draw on the same source of 
resources. 

The consultants did not have an opportunity to meet Professor D. J. 
Clough, Chairman of Management Sciences, or have discussions with other 
members of the MS faculty. The factual basis for the views presented 
below was provided by ths document entitled "A Report to ACAP on the 
Department of Management Sciences," which describes in great detail the 
programs of the Department and gives complete information on its faculty. 
This document was made ayailable to the consultants through the courtesy ot 
Dean A. N. Sher bourne and Dr. M. A. Preston. 

The Department of Management Sciences was formed in January 1969 to 
serve as a focus of graduate training and research within the Faculty of 
Engineering in a spectrum of areas centering on operations research, 
applied econanHcp and organizational behaviour. At present, the Department s 
main concerns We: „ ^, 

1. the pursuit*of advanced research in selected fields of the management 

sciences; "• • ■ 

2. the provision of post-graduate courses of instruction; and 

3. the provision of undergraduate courses in the management sciences, to* 
students in the Faculty of Engineering. 

Under the chairmanship of Professor D. J. Clough, the Department has 
achieved a remarkably rapid .growth since its formation. Starting with only 
three full-time faculty members in 1969, the Department has grown to a size 
of 13 FTE, of whom 6 have tenured status. The Department has already conferred 
five Ph.o! degrees. In addition, seven Ph.D. degrees were awarded in other 
departments to students supervised by faculty members in MS.^ In the steady 
«tate, the Department expects to be producing about 8 Ph.D. s per year, 
compared with the currfnf rate of about 1.5 per year. 

# 

During the same five year period, the Department produced 78 M.A.Sc.'s 
(about 16/year), with the stead: state rate expected to be in the neighborhood 
of 30/year. 

Taking the information furnished by the Department at face value, the 
consultants cannot but be highly impressed by the remarkable achievements 
of the Department in the development of its graduate programs, building up 
of a very competent staff and providing off-campus instruction for professional 
engineers in Waterloo, Toronto, London and other locations. 



A-64 



Although the Initiatives taken by the. Department in the pursuit of 
its educational and research goals are highly 'commendable, they raise some 
non-trivial questions regarding the relationship between Management Sciences 
and Systems Design in the years ahead. A case in point is the initiation of ' 
a new Industrial Engineering B.A.sc. option in Mechanical Engineering which 
will be administered jointly by Management Sciences and Mechanical Engineering. 
This program is likely to compete with the undergraduate program in Systems 
Design and as a result may lead to a strain in the relations between the two 
Departments. 

The overlap between the activities of Systems Design and Management 
Sciences is quite significant in the areas of socio-economic systems, 
optimization and conflict analysis - areas in which the Department of 
Management Sciences appears to have a high level of expertise than Systems 
Design. On the other hand, the Department of Systems Design is clearly 
stronger in the areas of systems theory, human systems engineering, systems 
modeling and simulation, and computer-aided design. In these areas, the 
overlap with Management Sciences is slight or nonexistent. 

In relation to the degree of overlap in the interests of the two 
Departments, the level of cooperation between them is rather minimal. 
There are no Jointly offered courses, nor are there joint research projects. 
More important, there does not appear to be a mechanism for the coordination 
of graduate programs, new course offerings and new appointments. The absence 
of such a mechanism may, in time, lead to serious conflicts over the allocation 
of resources, recruitment of faculty and the initiation of new programs. 

In making this statement, the consultants should like to make it clear 
that they are not advocating a tightly enforced coordination of the activities 
of Systems Design and Management Sciences. Excessive coordination can have a 
stifling effect on the initiatives of the departments in question and may be 
counterproductive in increasing the level of interaction between them. Thus, 
what is needed is an informal arrangement for coordinating the teaching as 
well as research activities, backed by a clear expression of policy on the 
part Qf the Dean of Engineering to the effect that Systems Design and 
Management Sciences must cooperate with one another in order to receive 
favourable consideration of their requests for additional resourctsM in manpower 
-and/or physical facilities. 

In summary, the level of cooperation between Systems Design and 
Management Sciences appears to be quite limited in relation to the degree of 
overlap between their interests. There is ar potential for serious conflicts 
between the two Departments' if no attempt is made to widen their channels of 
communication and encourage their cooperation in both teaching and research. 
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5.9 Recommendations 

In concluding their assessment of the graduate program in Systems 
Design at Waterloo, the consultants have the following recommendations 
to offer. 

1. Require higher qualifications of new appointees and raise the 
^ca^dlrds for advancement to tenure. To prevent excessive inbreeding, 
"graduates of the Department should not be employ ed on a regular basis. 
The existing vacancies should be filled onlv after a thorough search 
for best available candidates . This recommendation reflects the 
consultants' feeling that the quality of some of the recent appointments 
to the faculty is open to .question. Considering the high reputation of 
Waterloo and the current state of the academic marketplace, the 
Department can, and should, set very high standards for initial 
appointments and fill a vacancy only if the candidate has outstanding 
qualifications and has high potential for future growth. 

* 

2. Revi ew both undergraduate as well a s graduate course offerings witft a, 
Th^TTq eliminating or tightenin g those courses which have excessively 
ff soft " content. Place more emphasis tin compu ter simulation, computer 
graphics, and computer-aided design. Not a few of the courses offered 
by the Department (e.g., SD 631, Games Metagames and Rationality; 

SD 668, Design Morphology and Organization; SD 671, Theory of Human 
Communications) aa&ear to be lacking in "hard" content. It is essential 
that th<^ Departed maintain high standards in its graduate course 
offeri^ga and put more emphasis on computer-oriented subject areas.; * 

3. I ncrease the level ot Interaction wi th other departments especially 
with Eleotrlcal Engineering in the areas of systems theory, computer 
simulation and control processes: with C^puter Science in the areas 
of computer systems, information systems and computer graphics; with. 
Penolo gy In the areas of human system s engineering; and with Management 
scien ces in the areas of socio-economic s ystems, optimization teejmlgugs 
and conflict analysis . The tightness in the University budget and the 
likelihood that resources for expansion will be very limited during 

the next few years, dictate the need for a far greater degree of 
cooperation and resource-sharing among the departments in the Faculty or 
Engineering than was necessary in the past. 

t Avoi d fractionation of Departmental activities into a large number 
of unrelated areas. Major areas of teaching and research should_ge 
dea lt with In greater depth . The heterogeneous nature of the subject 
areas falling within the scope of Systems Design makes the maintenance 
of a sense of unity within the Department a rather difficult problem. 
The consultants noted that some cf the faculty members tend to sP^ad 
themselves too thinly and undertake a variety of external responsibilities 
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which interfere with the conduct of substantive research and 

make it difficult to maintain a high level of "competence in. ) _ . 

their field. * - 

• 4j v ■ > * • 

In relation to Management Sciences, avoid duplication -of course 
offerings and deemphasize areas of activity in which Management 
Sciences has much greater expertise. Set up a committe e_to _ 
coordinate the offering of new programs and increase tht level of 
interaction between Systems Design and Management Sciences , A great 
"deal of thought must be given to ways in which Systems Design and 
Management Sciences could develop a symbiotic relationship with one 
another, 1 1 would be highly desirable to have a mechanism - such as 
a committee or an informal group of faculty - to coordinate the 
activities of the two Departments, in areas of common interest in , 
order to avoid misunderstandings that may evolve into more serious 
conflicts over the allocation of resources and the definition of 
spheres of influence. . t 

Take steps to increase the visibility of. the Department both nationally 
and internationally . At present,, the Department is not as well known 
as it deserves to be. To enhance its visibility, the Department and . 
its faculty members might consider ' taking a more active role in the • 
organization of seminars' and conferences on subject 'areas within Systems 
Design in which the Department has strong programs. Also, better 
publicity in the form of posters, pamphlets and letters would be helpful. 
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UNIVERSITY COMMENTS 



Commen.ts-^appear from Toronto, Waterloo and Windsor. 




Ot-nCE CM- THE DEAN 



UNIVERSITY OF TORONTO 
Sihool of Graduate Studies 

Toronto xttz. Caktda 



April 22 ,,1974 



Professor ?L A. Preston, 
council of Ontario Universities, 
'?S039, 

130 St. George Street, 
Toronto. 



Uear l>r. Preston, 



The consultants' report on Industrial 
hwinecrinp has offered some useful comments on this 
university. We have no major criticisms so far as the 
report relates to this university. There are some 
errors, however, and a number of points of clarification 
on the main recommendations. The numbers below follow 
those used in the report. 

1.2. The Department of Industrial fcnginecing at this 
university was formed in 19t»l, not in 1958 as stated in 
the report. The period 1S58-61 was a transition period 
during which the then ertant Engineering and Business 
course, which was formed in 1W, was given a more rigorous 
scientific and engineering basis. 

The distinction drawn between the respective 
programs at the University of Toronto, Waterloo and Windsor 
should not be interpreted too literally. For example, all 
three programs are concerned with man-machine systems 
(as indeed ipso facto are all engineering disciplines). 
On the othefhand, we are conscious of the importance 
of maintaining and emphasizing tlie distinctive character- 
istics of the respective Oepartwents under consideration. 



0. Overall Recommendations 

1. We endorse this recommendation 

2. Wc endorse this recommendation 

3. We object to the use of the word "quota 9 ' ■ which wc 
believe eives a meaning to this recommendation not 
intended by the consultants and is inconsistent with 
their comments on manpower elsewhere in tlv? report. 
There is no indication of oversupply in this discipline 
and some evidence that far more graduates will be needed. 
If, for example, as seems probable, large-scale programs 
in health systems and in energy systems are launched 
within the next two years, it is possible that, by 1979, 
the Toronto Ph.U* output micht reach six or seven graduates 
per year. 

4. We a^reS in principle with this recommendation, especially 
insofar as the necessity of avoiding undue duplication of 
course offerings is concerned. However, wc do not accept 
the indication that the three departments operate in a 
competitive mode, for there is appreciable evidence of 

cu -operation between the Departments . Indeed, there is 
some thinlinj* that they are not competitive enough in sone 
desirable respects. 

5. We agree in principle and much effective counselling of 
this kind now goes on. On the other hand, it would not be 
justifiable for the Ontario IE (and equivalent) Departments 
to establish the proposed counselling structure without 
bringing all Canadian IT Departments into the structure in 
some way. 

6. Wc endorse this recommendation. 

7. Toronto agrees that Faculty in IO-rclatcd Departments 
provide valuable resources to the total University structure. 
We are very much in favour of such interaction. At the same 
time, we are not clear as to what operational significance 
to attach to comments in consultants* (and ACAP) reports to 
the effect that this has not been "sufficiently exploited* . 



At Toronto, for example, three members of the Ii. Faculty 
arc cross -appointed in the Institute of I nvironnental 
Studies; two members of the If. Faculty arc wcifl crs of 
the Council of tl.c Centre for Culture ami Technology: 
co-operative teaching ami/or research nrocrans arc be in", 
or nave recently been undertal.cn with the Department o^ 
Family and Cotfnunity Medicine, the Faculty of Management 
Studies, the Institute for Quantitative Analysis, the 
oerartment of Psychology, the Faculty of Library Science, 
the University Library and several osiers. Furthermore, 
essential lv due to this inter-disciplinary characteristic 
and the concomitant ability to traverse departmental boundaries, 
it is nerhans not out of place to mention that a member of the 
facultv, during a two-year leave of absence, at the invitation 
of a major Ontario university, undertook a study of the 
"structure and inter-relationship of the academic programs 
of the University''. 

At the same tine, we do accept the point as it relates to 
Information Systems fsce 3.3 below). 

i». Our Department endorses this recommendation ami notes that 
there is already a reasonable balance between theoretical 
and"real -world" components and problems in the Department * s 
Mi.li. programs. Indeed, had time been available durinc.the 
visit of the consultants, it would have demonstrated, through 
fourth year theses and M.A.Sc. theses, as well as the Ph.". 
theses, that there has been, since the formation of the 
Department , concern at a reasonable level with real- world 
problems. • 

10. SVe endorse this recommendation.. 

11. We endorse tljis recommendation. It mtnht he of intcreST to 
note that at Toronto, one woman Ph.D. student and five women 
;iast«T*s students are registered in I.I . 



* 



C-A 



B£ST con Awmm 




5.3 ; Overall Perspective • \ 

Some of the historical information. i 4 
not quite accurate. As pointed out earlier, the \ 
Department of Industrial I:n<unt?cring at Toronto was* 
inaugurated in 1961. . The program in Engineering and 
Business was phased out during the period 1**53-60. Graduate 
sti y in the Department commenced formally in 11)62, 
Dr. Arthur Porter was succeeded as Chairman by 
Dr. Hen licrnnoltz in 1SI6S (not 1 C X>6). 

Th^ Department has already made the second 
appointment in the Human Factors area, as recommended by 
the consultants. 

The Department also endorses the view that the 
identity of the Information Systens « roup has not been 
recomized sufficiently in the Faculty and tluit a M stratecy 
to project the IF Department as leaders in this activity 1 
should ic developed. The department hopes to remedy this 
deficiency at least in part t;:.mu£;h intcr-discinlinary 
projects in t':c Health System and Inorny Syr.tcn areas* 

^e anrcc that the total elapsed time to ohtain 
the Ph.D. in IL appears to be excessive. But the data presented 
on pajic A- 31 arc not quite complete - this topic will he considered 
in detail a little later. 

3.3, Faculty Qua l ity and Si ze 

~ - — — - - - f 

tte surest thnt some revisions are necessary 
in t*»is section, especially in i*>c following : 

fa) Tiie number of Faculty (listed in the Calendar of the -sj 
Scnool for Graduate Studies) increased from 5 in lPdE-9 
to 13.1/2 in li>73-74. 

(h) Although at present only tv;o Ph % D- students in IF are f 
supervised hy tlie Duman Factors Fnrinecrin^ Group, it 
should he noted that one Professor in this field is 
also supervisinn two Ph.D. students in the Departments 
of Mectrical hnpineerinp and Psychology. 

4 
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fc) i.ie level's of sponsored research (oi taint*! fron 
the Dean's office)' mentioned on pa«e A-17. have {ten 
determined solely on rhe basis o** N.P.C. C rants. 
Utile the total op N.R;C. grants for l«»7?-73 i.as only 
s.».s,tH)0, it nay be pointed out that during that year 
several senior rubers' of the staff v.erc cnvleavc, 
full-time or nart-tircc, ant! did not apply for grants. ; 
The picture is rather different for the current year 
11*74-73, for which the total of K.R.C. grants is 
Jlo2 f '»0f». In addition, there arc grants fron the 
Ontario apartment of Health (S5,000) and the (U.S.) 
National Science Foundation ($21,0110) for a total of 
sl2S,<«Mi in research erants for 1974-75, abdut $10,000 
per member of Graduate Faculty. In addition, we have 
recently learned of a major a*ard to a senior member 
of the Department, the only one of its Kind awarded in 
all branches of Lnninccrinr in Canada, which will bring 
a substantial amount o^ money to the Department for 
intcrdiscipl inary research. 

\d) While admittedly the acquisition of additional 

unconstrained^ research grants is an ideal approach, to 
the Vnliancement of the human factors- laboratory facilities 
and to increasing the stipends of doctoral candidates 
(there is effectively a $5,500 ceiling on doctoral 
student awards in the Department) it must be stressed 
that sponsored research (in Canada) is invariably based 
on specific projects. Unfortunately, the funding 
flexibility implied in the consultants* comments (pace A-18) 
is not possible in nractice. 

Human Factors 

In this area for 1073-74 there is a total of 
5SS,(*00 in research grants. 

Management Information Systems x 

It should be noted that the interaction with the 
Faculty of Management Studies is being enhanced. ■* During 
11*73-74 , 11 IF graduate students are taking a total of 24 one-term 

/ 
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courses in the Faculty. While IT anJ MS have some 
graduate courses/with similar titles, the courses themselves ,. 
may i e different. Ke should add that the School of Graduate 
Studies and tire central administration have established a 
SK#all ^roup to loo 1 ; at possible duplication in courses in 
information, systems throughout ti c University, As thr 
Ph.P. prolan in ;uant itativ« % net! oils in Vt develops, it is 
expected fl. will \v alio tv share some courses and seminars. ' 

>.< . L*ual itv of StnJcnt Ijody : Admission requirements 

T»e data presented in Figure 1 and comments 
relatin*' thereto iu\\\ t i*e Misleading. For example, it is 
stated V-\t of the IV students accented onlv 7 students 
actually registered in tne Fall Term. Rut only 4 students 
accepted for the Ph # f>. failed to register - the remaining 
S students who r ailed to recister were not acceptable in the 
Ph.u. ^ro^ranv The appropriate sentence should read 'of 
the 21 students who applied for tlie Pf*b. proeraru 11 students 
Wrc accented for that prop ran, of whom 4 failed to register 
as of January 1!»7-V. 

he noted rarlier t**e concern expressed by thr 
consultants on the elapsed time to complete the doctorate, 
hxami nation of the 22 Ph.Lu theses which have been 
successfully defended shows that scve n were closely 
related to "rt*al- world*" problems and it is not surprising 
that these take lonper to complete than theses which are 
essentially theoretical. We believe that in many cases 
the quality of the thesis was enhanced by the candidate's 
employment experience, though the thesis took lonacr to 
complete. 

3.8. Recommend ations 

While nnrh of our response is indicated above, 
it is worthwhile to summarize briefly our comments on the 
rccommendat ions ♦ 

1 . We agree with the spirit of this recommendation and 
we believe that it will be possible to obtain more interaction 
between tlie three major groups in the Department through the 
comparatively lar^e-scale project which we envisage in, for 
example, the design of Health Care Systems. 



****** 



2. Our Department has endorsed this recommendat ion 
enthusiastically. Indeed, since the inauguration of the 



real -world problems. An examination of bachelors, master s 
and doctors theses during, the past decade provides evidence 
of the L'epartmcnt's efforts in this regard. 



.>. The current Visiting Professor in Human Factors Lncincerint 
will become a Professor with tenure on July 1, 1P74. 

4 v.'e endorse this recommendation but wish to point out that 
a tjood case can be made for maintaining a reasonable balance 
between full-time and part -tine thesis procrams, not least 
to ensure adequate real -world problem orientation. 

5. he endorse this recommendation. 

<,. The Department is fully aware of the need to obtain 
adeuuatc additional sunnort from external sources and our 
1P73-74 fibres (see above) show a distinct improvement over 
those for 1072*73. 

A. 

7. '.ve endorse thjs recommendation. See "comment above on 
.Management Information Systems. 



8 We endorse this recommendation, noting that the Department 
his been conscious of the importance of research in the real- 
world environment since 1PM when the Department was establis 

i>. "Ve endorse this recommendation. As we have indicated 
previously, tUc Department has already assumed a leadership 
role in the Faculty in the field of nan-machine systems wi*i* 
special reference to human factors engineering. 

10. .Ve endorse this recommendation and expect that the 
ocpartment will assume a significant role in this area.. 

11. We endorse this recommendation and note the substantial 
efforts already made by the Department in encouraging 
interdisciplinary research on this campus. 





Yours sincerely, 




cc. President, 

!'iof. D.F. Forsttr 



A.h. Safarian 
Dean 
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Response of the University of Waterloo 

7^ 

to the Report of the Industrial Engineering Consultants 
to the Advisory Committee on Academic Planning 
submitted to ACAP, April 26th, 1974 

We agree with the consultants' general view of developments in 
industrial engineering and systems design. In particular, we agree that the 
demand for students will likely exceed the supply over the next five-year 
period. As the consultants point out, only two schools in Canada offer 
the Ph.D. in industrial engineering and Waterloo's programme in systems 
design is unique in this country. We agree that the limiting constraint on 
doctoral enrolment in these programmes will be the number of well qualified 
applicants, particularly Canadians. 

Specific Comments : 

in the section of the report devoted to the programme in 
systems design at the University of Waterloo, the consultants make a number of 
statements which we would like to comment on. 

On Page A-54, the consultants state that "a student who fails 
his comprehensive examination may take instead an enlarged course-work 
programme.". This statement is not correct. If a student fails his compre- 
hensive examination, he may be required to take an enlarged course work 
programme before being allowed to take the comprehensive examination a second 
time, Every doctoral student, however, must pass the comprehensive before 
being allowed to proceed to his degree. 

On Page A-54 the consultants state that some of. the courses 
offered by the department are 'lacking in 'hard' content" by which they seem 
to mean mathematical content. Some of the courses offered by the department 
do indeed rely less heavily on mathematical analysis then do courses in 
more conventional fields of engineering. These courses form an important part 
of the programme and in our view are quite appropriate in a programme of this 
nature. While such courses are not mathematically oriented, this does not mean 
that they necessarily lack "hard" intellectual content. This will be ensured 
if they are taught by faculty who can provide the necessary rigor and authority 
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based on their own research and scholarly involvement. If this is not the 
case, such courses can indeed become "soft" and the university is aware of - 
this danger: 

/ in the section on faculty quality and size. Page A-56 the 

consultants make two statements which require comment. They state on page A-56 
that "the quality of some of the appointments made during the past three years 
is open to question". If this comment is directed, as it appears to fee, to the 
qualifications of the individuals appointed during this period, then we must 
take exception to the statement. There have been three appointments durfng 
this period. One of these is a senior scientist of /international reputation 
with numerous publications and two books to his credit, a second.is a person 
with a substantial research record and the third is a recent Ph.D. graduate 
with an excellent record and considerable potential. None are of questionable 
quality. If on the other hand the comment is directed at the failure of the 
department to appoint only senior distinguished people then we would point 
out the difficulty of finding such people particularly in a new field such 
as systems design. Indeed the consultants themseJves recognize this, (see 
Page A-56. middle). In either case, we submit that this statement must be 
read in the context of the consultants* overall assessment that "the faculty, 
on the whole, is competent, active, dedicated and forward-looking.". 

The consultants express concern that four out of the fifteen 
faculty members in the department have received all or most of their training 
at Waterloo. While we agree with the consultants that excessive inbreeding 
can be highly detrimental to the development of any department, we do not 
believe that four out of fifteen faculty can in any way be described as 
detrimental inbreeding. This is particularly so in this case since three 
of the four individuals refered to, while they received their senior degrees 
from Waterloo, have had extensive post-doctoral or pre-doctoral experience 
elsewhere. J 

In discussing the quality of the student body, .the consultants 
refer to the heterogeneous disciplinary backgrounds of the students. They 
suggest that this makes it difficult to enforce high admission standards. We 
agree that it is more difficult to assess the quality of the students when 
their backgrounds are diverse but this does not mean that one cannot enforce 
high standards. The department views the diversity of background of its 

ERIC ' 
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students as a valuable and indeed* necessary component in the graduate programme. 
It does not, however, intend to allow this diversity to^dilute the quality of 
its student body. 

In the section devoted to relations with the Department of 
Management Sciences, the consultants note the lack of any joint courses or 
joint research projects. We do not see the need for joint courses between 
these two departments since the courses offered by both departments are freely 
available to graduate students in either. 

Comments on Overall Recommendations : 

We agree with Recommendations 1 and 2. The text following 
Recommendation 2, however, needs some clarification. It is true that at the 
present time the major activity of the department is in the field of human 
factor^ and physical systems. The department's plans, however, are to develop 
a programme with a balance of emphasis distributed over three areas, physical 
systems (system engineering theory and practice), socio-economic systems 
(large non-corporate systems), and design and human systems (design for human 
use). 

We agree with Recommendation 3 provided that the word "quota" 
which is used to refer to the Ph.D. output is interpreted as refering to the 
planned level of enrolment in these programmes. In view of the consultants 
own anticipation that demand for graduates from these programmes is likely 
to increase, it is inconsistent to impose a quota and we do not believe that 
that was their intent. ,. 
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We do not agree with Recommendation 4. There is very little 
overlap between tjie programmes involved and we doubt the value of establishing 
a co-ordinating committee. 

We do not agree with Recommendation 5. This implies a degree 
of centralization in admissions procedures and counseling of students which 
is impractical in the Ontario university system. jf 

We agree with Recommendation 6. ^ 

Vie agree with Recommendation 7. We hope that the field of 
industrial engineering and systems design will be better funded under the new 
federal grant structure currently being contemplated. The field has not been 



well served by the present grant structure. In addition to research grants, 
the department at Waterloo lias a number of research contracts which support 
work in the department. 

-We interpret Recommendation 8 to mean that the valuable resources 
available in tnese departments should be taken advantage of to a greater extent 
by other departments both inside and outside the Faculties of Engineering, We . 
agree with this. 

We agree with Recommendation 9. Indeed the Ph.D. programme in 
systems design at Waterloo is very much oriented towards research on real world 
problems. 

We agree with Recommendation 10. The' sma.ll number of Canadian 
students is not unique to systems design and industrial engineering but applies 
to all of the fields of engineering. This university will continue to make 
every effort to encourage qualified Canadians to pursue doctoral work in this 
field. 

We agree with Recommendation 11. A number of women students 
have already been attracted to the programme in systems design. The department 
will continue its efforts in this direction. 

Comments on Specific Recommendations : 

Recommendations 1 and ?. refer to matters on which we have already 
commented. *S 

Recommendation 3 indicates that the consultants in the limited 
time at their disposal in visiting the university have not been made sufficiently 
aware of the extensive co-operation and interaction occurring between the 
Department of Systems Design and other departments in the university. There is 
close cooperation with members of the Electrical Engineering Department in 
the field of networks. There is also considerable interaction with the 
Departments of Civil Engineering and Management Sciences and with the Department 
of Applied Analysis and Computer Science in the Faculty of Mathematics. 

Recommendation 4 is one with which we agree. The department is 
aware of the dangcrof excessive fractionation in a field such as systems design 
and has consciously endeavored to avoid this in the development of its programme.' 
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We have already commented on the substance of Recommendation 5. 
In particular, we see no reason for the\universi ty to set up a special committee 
to co-ordinate the offerings of the two departments since this function is 
already the responsibility of the Faculty Of Engineering Graduate Studies 
Committee. \ , , 

With respect to Recommendation (L we agree that the department 
should continue to increase its visibility .both rationally and internationally. 
* We 'believe that this will occur in the normal course of development of the 
department and the maturing of the junior faculty. \We submit, however, that 
the department's external visibility is already somewhat greater than is 
implied by the tone of this recommendation. Several members of the department 
in the fields of system engineering, engineering design, ergonomics and human 
factors engineering have already become well known nationally and internationally 
Members of the department serve as officers in international organizations and 
as consultants to government and industry. These activities will continue. 

Respectfully submitted, «■ 
L. A. K. Watt 

Dean of Graduate Studies { 
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UNIVERSITY OF WTWfcSOR 
RESPONSE TO THE ADVISORY COMMITTEE 
^ ON ACACEMIC PLANNING 

CONSULTANTS 1 REPORT ON 
INDUSTRIAL ENGINEERING 
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The Consultants' report on Industrial Engineering at the 
University of Windsor is an adequatefand fair commentary, and the 
University concurs in general with all five of the Consultants' 
recommendai ions . Especially to be noted is the insight into the 

Provincial situation which is revealed in the fol lowing excerpt s from 

S • 
the Report*. ^ ; 

The Consultant's point out that there are only two depart- 
ments of industrial engineering in the Province of Ontario and that 
there ?s an apparent demand for these graduates. They state: "Since 
no other schools in Canada offer the Ph.D. in IE, it appears that less 
than 20 people in Canada have received their doctorate in IE from a . 
Canadian University. 

Outside the Province of Ontario, industrial engineering 
studies are.avai lable at the Nova Scotia Technical College, Ecole 
Polytechnic in Montreal, University of Newfoundland, University of 
Quebec, and the University of Moncton in New Brunswick." 

» 

• . The Consultants also state: "Based on previous data and 

discussion, the consultant^ feel that the actual demand will be higher 
than the supply over the next 5-year period, recognizing that only two 
schools in Canada offer a Ph.D. in IE.. .Accordingly. ..the consultants 
feel that eSch department has its own distinctive character, and a 
significant need does exist for their graduates in educational institu 
tions, industry, government, and service organ i za t i ons >i n the Province 
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of Ontario and other provinces of Canada." ^ 

Comments on Consultants' Recommendations 

R£,£QMrl£NDAT t qm } - Continue the doe tor a 1 p rog r am , but not on high- 
priority basis . 1 

_.-->•! t would be unrealistic and wasteful of the limited resources which 
the Department has at its disposal to attempt to build up a doctoral 
progran that can compete, even remotely, with those at Toronto and 
Waterloo. The aim should be to have a small-scale program which 
complements those at Toronto and Waterloo and emphasizes production, 
mission-oriented type traininq which fits the needs of the reqion." 

The University aqrees with this recommendation and maintains 
that even now a doctoral program of excellent quality has emerged from 
our mission-oriented approach to the doctoral prograj*. 
* RECQMnENDAT I ON 2 - Draw on the resources of other departments for 
instruction and laborator y facilities. 

A concerted effort is beinq made to e*te,nd the concept of 
this recommendation further. Two qraduate courses In the Systems 
Division--! .E. 509c/E.E. 510c, Compu t e * A i de d Design, and E.E. 507c 
(cross- 1 t sted as I.E. 511c in 197W5 Calendar), Stochastic Processes- 
as pointed out by the Consultants, are courses in which co-operative 
teachinq arrangements have been implemented. Co-operative team- 
teaching in other courses and expanded use of outside facilities are 
planned to follow this September. 

0 

£* The Department is working with the School of Computer Science 
to exp/ore the c ros s - 1 5 s t i nq of faculty and increased co -Oj>e ra t i ve use 
. of /he Computer Science facilities and faculty resources. In addition, 

9 
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the Department i s ptesently exploring a co-operative arrangement with 
t». departments participating in the Process Design Division similar 
to tnat it now has with the Systems Division. The following excerpt 
from the Consultants* report, will help to clarify the University of 
Windsor's Divisional structure: 

" The following three divisions were established by the Faculty 
of Enqineerinq for the purpose of co-o rd i na t ? no graduate studies 
within the Faculty: Engineering Process Design, Structures, and Systems\.. 
The objective of this division organization is to make more effective 
utilization of available resources and to stimulate interaction among 
departments in the Faculty of Engineering. The consultants consider 
this to be a desirable objective to achieve, especially since the num- 
ber of faculty in any one department at Windsor is relatively small. 

t 

This divisional structure was initiated i ry 1 972 . . . Due to the involvement 
of industrial engineers in environmental types of problems, in the 
future the IE Department should also formally interact with the Engineer- 
ing Process Design Division." 

It should be noted that the divisional structure does not 
diminish the effective autonomy of the departments, for the departments 
are still responsible for administering the programs and maintaining 
the necessary professional standards. 

KECOnMENDAT I ON 3 - Make a concerted effort to obtain more rese arch and 
facilities support from both government and indus try. 

The Department is now making a concerted effort to acquire 
additional support for research and facilities, and is happy to report 
thai progress has been made in terms of sponsored research since the 
writing of the report; two NRC Operating Grants have been awarded 
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Industrial Enqinoerinq faculty menbers. With these two awards, the 
average qrant support per. faculty member Is in excess of $10,000 per 
annum which compares favorably with approximately S^QOO for both the 
Department of Industrial Enqineerinq at the Un \ ve r s i t y 4> f Toronto and 
the Department of Systems Desiqn at the University of Waterloo, as 
reported by the Consultants. 

Jt[{ OMMEM0AT ION U - Raise the standards of appo i n tmen t, an d advancement 

of faculty . ^ ' • 

r± ■ 
*.- ■ 

The small si/e of the faculty and Its uneven quality make it essential 
that new appointments and advancements be made with utmost care. 
Vacancies should be widely' advertised, and inbreeding should be avoided 
The University concurs with this recommendation. The Depart- 
ment, however, is not in agreement with the Consultants 1 subjective 
statements related to faculty credentials and accomplishments. When 
it i * cons idcred thut the thrust of the Department's prooraniis related 
to production systems, it seem?, necessary to have faculty with long 
term Industrial experience. Althouqh two faculty members do not have 
the Ph.D. deqree, one has had twenty years 1 industrial experience in 
responsible executive positions and is a principle consultant for the 
■Industrial Research institute, and many independent corporations in' 
Canada. The other faculty member has a firm background in graduate 
teaching and is currently enrolled in a Ph.D. program. 

RECOMMENDATION 5 - Allocate a new position to be filled on a temporary 
basis . 

1 At present, the number of full-time Nrtrwl ty members (**) is too smal 1 
in relation to the totality of the responsibilities of the Department 
in' teaching and research. On the other hand, considering the scarcity 



C-17 

of new positions i rij the Un I vers i ty . the allocation of a full-time 
position to the' Ocpo rtmen t /ould be hard to justify at this juncture. 
Under* the i rcumstances , a temporary addi-tN'on to the faculty would be 
* a reasonable coropromjse, with the unde rs tand i nq that, eventually, the 
- ' temporary; posM t i on would be converted to a regular full-time one." 
The University concurs with this recommendation. 
In conclusion: the Ur ? -ersity accepts the summary recom- 

t ......... 

mendation that the doctoral program in IE at Windsor should be sup- 

■_ / 

ported at a level sufficient to attract qm^ity students and carry 
them through their graduate studies. 

% . . . \ 
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- Special Study of Ph.D. work in Industrial Engineeri ng at Toronto and Windsor 

and Systems Design at Waterloo 

Procedure and Terms of Reference for Consultants 

The data usually collected for the engineering assessments will be provided 
to ACAP by the universities. _ ■ f ' 

There will be no discipline group. 

* 

\, Two consultants will be chosen by ACAP from a list provided by the univer- 
sities involved. One consultant (or both) should be from the industrial 
engineering field and one should have expertise to enable him to comment 
on the other aspects of the Systems Design programme at Waterloo. 

>. The consultants should spend one day at each university. 

>. The consultants' terms of reference will be similar to those in the engineer- 
ing planning assessments. (Those of the Chemical Engineers were given to them.) 

i. When the report from the consultants is received by ACAP, each university 
involved will be invited to comment oil the report. Comment will also be^j 
sought from CODE. 

U Since the amount of consultant time involved is small, it is hoped that tjfre 
report will be ready at the same time as the other engineering reports, b|it 
it is considered that if tbia does not happen, its absence need not delay 
action on the others. \ 



o 



The consultants are also asked to write a report of the current and proposed 
programme in Management Science at Waterloo, discussing its nature and 
quality. This report to ACAP will pUo be provided to the consultants in 
the Administration, Business and Ma^em-mt Science planning study. 
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Ontario Council on Graduate Studies 
By-Law No. 3 

A By-Law to establish a Committee on the Academic Planning of Graduate Studies. 

L The Ontario Council on Graduate Studies, recognising the importance of providing 
for the continued and orderly development of graduate studies in the Ontario 
universities, establishes a Standing Committee to be known as the Advisory 
Committee on Academic Planning (abbreviation - ACAP).n 

Interpretation 

2. In this By-Law, 

(a) "Committee" without further specif icatioij,,. means the Advisory Committee on 
Academic Planning; • , 

(b) "Council" or OCGS means the Ontario Council on Graduate Studies; 

(c) "Committee of Presidents" or CPUO means the Committee of Presidents of 

v 

Universities of Ontario; 

(d) "university" means a provincially assisted university in Ontario; 

(e) "discipline" means any branch or combination of branches of learning so 
designated; 

(f) "discipline group" means a body designated as such by the Committee of 
Presidents of the Universities of Ontario, and normally consisting, for 
any one discipline, of one representative from each of the interested 
universities; 

. - (*) "planning assessment" ir.eans a formal review of current and projected 
graduate programmes within a discipline or a group of disciplines; 

(h) "programme" signifies all aspects of a particular graduate undertaking; 

(i) "rationalization" means the arranging' of graduate programmes in order to 
avoid undesirable duplication, eliminate waste, and enhance and sustain 

r 

quality. 



Membership 

3. (a) The Committee shall consist of at least seve^ members of the professoriate 

in Ontario universities, some of whom shall be members of the Council, 
(b) The members of the Committee shall serve for such periods of time as the 

Council mav determine, and they shall be selected in such manner as may 

• * 

provide for reasonable balance both of academic disciplines and of 
universities* 

<c) The members of the Committee shall be appointed as individuals. 
Chai rtnan 

4. The Chairman of the Committee shall be named by the Council, and he shall have 
one vote. 

Quorum 

5. A majority of all members of the Committee shall constitute a quorum. 
Functions ' 

6. The functions of the committee shall be 

(a) To advise OCCS on steps to be taken to implement effective provincial 
planning of graduate development; 

(b) To promote th'e rationalist f«n of graduate studies within the universities, 
in cooperation with the discipline groups; 

(c) To recommtnd, through OCCS, to f.PUO the carrying out of planning assessments 

. of disciplines or groups of disciplines and to recommend suitable arrangements 
and procedures for each assessment; 

t 

(d) To supervise tin* conduct of each planning assessment approved by CPUO; 

(e) To respond to requests by CPUO to have a discipline assessment conducted 
by proposing suitable arrangements; 

(f) To subnit to CPro the reports of the assessment together with any 
recommendations which the committee wishes to make. A copy of the report 
shall be -sent Lu Council.. 



Jurisdiction 

7.. in order that the Committee may discharge the functions described in Section 6 
above t It shall he authorized 

(a) to request a university to provide such information pertaining to graduate 
studies as may enable the Committee to discharge its functions; 

(b) to request a discipline group to provide such information as may enable 
the Committee to discharge its functions; 

(c) to receive reports from the universities and from the discipline groups, 
and to comment and communicate with the universities and the discipline 
groups concerning such reports; 

(d) to convene a meeting of any discipline group for the purpose of discussing 
the development to date, and proposals for the future development of 
graduate studies in the discipline concerned; 

(e) to send one, or more representatives to a meeting of a discipline group 
at the invitation of the discipline group; 

(f) to make such suggestions to a discipline grou? as may be deemed appropriate 
to the functions of the Committee; 

(g) to super vise the conduct uf planning assessments, and to report thereon 
to the Committee of Presidents of Universities of Ontario; 

(h) generally to report and to make recommendations to the Council; 

(i) to seek and receive advice from appropriate experts; 

(j) to employ consultants in connection with planning assessments; 
Procedures 

8. The procedure to be followed by . the Committee shall be as aoprcvcd by the 

Committee of Presidents of the Universities of Ontario. 
'9. The Committee** function is solely advisory. 

Effective Date 
^10. This By-Law shall take effect January 1971. 



ACAP DISCIPLINE GROUPS AND THEIR ROLES 



1. Kstabl .tshment of a (»roup 

When it is considered desirable to activate planning of graduate work in some 
discipline (5) or interdisciplinary area, COU, on the advice of QCGS, will 
authorize the establishment of an ACAP discipline group, if it was not already 
approved and Included in the May, 1968 list. If it is already authorized, 
ACAP may decide to set it up as described in paragraph b. 

The Lxeeutive Vice-chairman of ACAP will then invite the executive head of each 
university (including .Waterloo Lutheran University) either to nominate a member 
of the discipline group or to indicate that his university has no plans for 
graduate study in this discipline in the next five ye^rs or so. If a university 
can state no pians for future graduate work in the subject, but feels that a 
watching brief is desirable, it may appoint an observer to the group* 

Changes of a university's representative are to be notified by the executive head. 

The group shall select its own chairman. 

2. Meetings f 

A discipline group may meet at the call of its chairman or in accord with it^ own 
arrangements. 

A discipline group may he called to meet by the Executive Vice-Chairman acting 
for ACAP. 

3. Rusponsihi li ties 

The group is to keep under review the plan^ fur graduate work in its discipline 
in Ontario, including new developments and trends in the discipline, and to make 
reports to ACAP on a regular basis. 

The group may make recommendations to ACAP in connection with graduate work in 
its discipline when it considers it appropriate. 

ACAP will assist the group in obtaining information and data, ds mutually agreed. 

When COt' has instructed ACAP to conduct a planning assessment, the discipline 
group will as cist and advise ACAP in determining procedures and terms of reference 
will report as requested and will generally facilitate the assessment. 



Approved by OCCS March 22, 1973 
and by Q>U April A, 1973. 



APPENDIX G 



CURRICULA VITARUM OF THE CONSULTANTS 



9 

ERIC 



ALBERT GEORGE HOLZMAN 



Born Johnstown, Pennsylvania, October 28, 1921 

B.S., Pittsburgh, 1949 
M.S., Pittsburgh, 1954 

Ph.D., Pittsburgh, 1958 ■ • * 

Bethlehem Steel Corporation, Industrial Analyst, 1949-51 
University of Pittsburgh, Assistant Professor, 1951-54 

Associate Professor, 1954-58 

Professor, 1958- 

Chairman, Department of Systems Management 
Engineering and Operations Research, 1965- 

Consultant to Westinghouse Electrical Corporation 
U.S. Steel Corporation 
Defense Intelligence Agency 
Goodyear Tire & Rubber Company 
H. B. Maynard Research Council 

.Member, Board of Directors, On-Line Systems, Inc., 1968- 
Membe?, American Society of Engineering Education 
Member, American Institute of Industrial Engineers 
Member, Operations Research Society of America 
Member, Institute of Management Science 

Operations research in education administration; optimization theory; 
technology assessment. 

Address: Department of Systems Management Engineering and 
Operations Research 
1048 Benedum Hall of Engineering 
University of Pittsburgh 

Pittsburgh, Pennsylvania » . . 

15213 
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LOFT I A. 2ADEH 



Born Baku, Russia, February 4, 1921 
B.S., Teheran, 1942 

M.S.* MassajUiasctts Institute of Technology, 1946 
Ph. D. , CoV<Jmbia>^949 

Columbia University} Instructor, 1946-50 

_y Assistant Professor, 1950-53 

Associate Professor, 1953-57 

Professor, 1957-59 
University of California, Berkeley, Professor 1959- 

C hair man, Department of Electrical Engineering 

and Computer Science, 1963-67 

Member, American Mathematical Society 

Member, Association of Computing Machinery 

Member, Institute of Electrical and Electronics Engineers 

System theory; information processing; theory of fuzziness 

Address: Department of Electrical Engineering and Computer Sciences 
University of California 
Berkeley, California 
94720 
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C 0 M M t T I E E OF ONTARIO DEANS OF ENGINEERING 

RESPONSE TO ENGINEERING [hg ASSESSMENTS 

Preamble 

Individual reports of PhD Assessments have already been received by 
discipline groups and by individual universities. Both bodies will 
undoubtedly make detailed commentary on the specific reports which are 
\ of direct concern or interest. In view of this, CODE has decided to 
forego comment on such specifics, and has determined to refer only to those 
matters of a more general nature which affect the universities collectively. 
Irf choosing to frame its response in unitary fashion, CODE wishes, at the 
outset, to emphasize that it views engineering education and practice as a 
.. total activity instead of a discrete set of unrelated disciplines such as 
Chemical, Civil, Electrical, Materials, Mechanical and Metallurgy, etc. 
This theme of relationships between disciplines within a faculty, and 
indeed between faculties, will recur later in the report in subsequent 
discussions. • 

Of the ten topics on which CODE sets out its 'responses*, three are 
considered to be of primary importance - manpower, quality, and critical 
size. Consequently, thev have been covered in somewhat greater detail 
than have other topics of interest, in order to provide identification and 
emphasis, rather than a fully developed 'position'. 

ihe primarv , •• -acorn m this response is unquestionably that of quality 
over quantity. ' Is. assuming th<«s position CODE .realizes that the indicators 
of quality are ubtedly staff, students, programmes and facilities. It 
is difficult to assess the precise hierarchy of these four basic parameters. 
Suffice it to sav that, while the first two are paramount in terms of 
establishing potential for excellence, the last two are important in 
realizing this excellence. 

COW offers its resources in such further and subsequent amplification 
as may be useful to the purposes of the Council of Ontario Universities. 

Manpower 

CODE is in agreement with the general observations of the consultants 
with respect to the PhD manpower situation. It appears clear rhat the 
supply of Ph!) candidate*, will be limited by the availability of high quality 
entrants. The relatively small numbers of Canadian graduates entering 
PhD programmes is a cause for concern. If Canada Is to aavance industrially, 
it wouid be expected that there would be an increasing demand for high- 
technology support. An under-supply of PhD graduates in engineering would 
not be in the best Interest of society. There is clearly no evidence of any 
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over-supply because of the way engineering graduates at all levels are 
seen to diffuse«widely through industry* commerce and government; there 

appears no prospect of this bevewing a problem in the future. 

COM realizes the importance of maintaining up-to-date knowledge 
of positions taken by the PhD graditates^oT the Ontario Engineering, schools 
and intends to ensure that such information is updated annually. A copy 
of a recent survey is included as part of this response. It will be 
noted from this survey that there has been a shift in the area of 
employment of engineering PhD's towards industry. 

In the light of the consultants' analyses, and of the appended data, 
there is no need for quotas or /ei lings on doctoral students. CODE will 
continue to report on the number and origins of doctoral students in the 

various engineering schools, on an annual basis. 

Quality _Kinphas is 

(a) Admission 

CODE is pleased to note that the consultants have agreed that high 
admission standards to engineering doctoral programmes generally 

prevail. 

CO.jl, therefore, supports the contention that existing minimum 
entrance standards to PhD programmes should be maintained across the 
Province. COM: believes that a post facto analysis of admission 
practices, widclv publicized, will be adequate to ensure this 

objective. 

In application of these standards, it must also be acknowledged tha: 
certain defensible exceptions will occur with respect to those with 
known special abilities or those who have demonstrated superior 
ability in research, design and innovation in their post-baccalaureate 

experience. 

»:«)!>!. fully supports the view of the electrical consultants that it is 
"in Canada's interest f especially in international competition, to 
have strength in high-technology research and development" and for 
this to happen there must be an objective of "high standards of 
excellence witi emphasis on quality 11 . 

(b) Programmes and Faculty Facilities 

CODE recommends that totally independent and representative bodies 
continue to oversee negotiated development grants and the formation of 
centres of excellence. These are matters better left outside the 
jurisdiction of »uch a body as CODE. 4 

> 

(c) lnder^raduate/<;r;*duatc Programme Relationship 




CODK supports the contention that the continued existence of a live* 
up-to-date undergraduate programme requires the backing of a good 
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research programme and participation In professional 'practice by 
members of the faculty. The research activity, in the prevailing 
tradition, is most easily met through the provision of Master s 
and Fni) postgraduate programmes. 

<d) Quality Indicators 

_ *. „___—_ _ ^ ^ 

In addition to the observance of university regulations, and the t»se 
of high* calibre external examiners, the observed career performance - 
of doctoral graduates can be used as a 'quality indicator*. 

critical Size for Doctoral Programmes* • 
c 

In order to be viable, a PhD programme must provide a sufficient 
range of interaction for the student. He must be exposed to enough faculty 
members and enough other students to provide adequate breadth of 
experience and instruction. The adequacy of this breadth cannot be judged 
exclusively by the size of the department in which he is registered. 

The ACAP assessments, by being completely vertical, miss the rich 
horizontal components which can and do nourish and sustain viable doctoral 
programmes in both small and large departments and faculties. Resources 
from other divisions of the university, other engineering departments, 
industry and, indeed, other engineering faculties must be considered in 
any realistic analysis of PhD programme viability. 

Size is not ar sufficient criterion for judging whether a school can 
offer a PhD programme; there is no a priori reason why a small school - 
cannot provide as satisfactory an environment for the student as can a 
large school. 

Engineering in the Wider Context 

CODE would draw attention to the need to view the totality of the PhD 
programmes in engineering not just in isolation, bu»; also in the context 
of other related disciplines; e.g. physical, life and social sciences. 

To progress technologically in such a way as to improve the quality of 
life not onlv in Canada but also in other parts of the world, it is 
essential that there be work proceeding concurrently in the. forefront of 
various other disciplines which impact on engineering. It is anticipated 
that increasingly advanced work in various areas will need to proceed in 
a more integrated fashion and it will be essential to have available high 
level manpower in the physical, life and social sciences, economics, and 
management, for instance, together with similar capabilities in engineering. 

Research Emphasis and Relevance 

As a result of the ACAP Engineering Assessments, there is now readily 
available information about research projects underway in all the Ontario 
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Engineering Schools. The system would have profited more had the 
coiysultants commented in detail on this information and offered 
substantiated specific advice on the topics of emphasis and relevance. 

CODE feels that PhD programmes in engineering should be flexible) 
enough to cover a broad range of topics. Research activities could and 
should range from roissibn-oriented research of an immediate and perceived 
social or industrial relevance through to very fundamental or basic 
research. 'The overall thrust of PhD research programmes should be towards 
advancing fundamental engineering knowledge required for the solution of 
present and future .engineering problems. 

CODE also feels that a plurality of sources of research support is 
a relatively effective means of ensuring that a broad spectrum of research 
activity is undertaken within the engineering schools. The existence of 
a variety of granting Bodies* with a spectrum of interests represented, 
including a significant academic component , appeals to be an effective 
method 'of control. 

Level of Support for Doctoral Students » 

• CODE strongly supports the contention that levels of support for doctojral 
students must be increased substantially if more Canadian students are to be 
attracted to entering doctoral programmes, in engineering. 

It should be noted that foreign graduate students have been willing to 
undertake PhD studies at the levels of support available and have subsequently 
filled positions within Canada. Positions have been available for PhD's - 
these have been filled largely by landed immigrants who have either completed 
PhD study in Canada or who fcave come to Canada with a PhD. 

The recent increases in both the cost of living and salaries offered 
by industry to engineering graduates makes it even more urgent that immediate 
action be taken to increase the support for doctoral students. This is 
particularly true if post-baccalaureate/experience students are to be attracted. 
Therefore, it is important that more opportunities be available for this 
particular type of doctoral student in engineering. 

Part-Time/Non-Rcsident Work 

CODE would encourage continued experimentation in this regard. It is 
felt that maintenance of some institutional contact is essential, however* 
It is felt further £hat any part-time or non-resident work should normally 
be by individual arrangement. This would not, of course, preclude special 
arrangements between a research institution or industry/government laboratories 
and a particular university or universities. ^ 

Inter-University Activities and Facilitating Mechanisms * 

CODE would support any action designed to increase the effectiveness 
of the provincial resources in faculties of engineering. The holding of 
discipline meetings, the sharing o^ equipment ,. interchange of credits for 
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graduate courses, collaboration between groups within various institutions 
and so on are to be encouraged. It is emphasized that co-operation often 
involves travel and other expenses that are not always readily available 
'in individual spools and that this matter is worthy of further investigation. 

it is noted that inter-university activity is proceeding especially at 
the 'grass-roots' level and this can be aided and abetted by CODE. It is 
also noted that various university industrial research institutes and 
similar agencies have facilitated some inter-university cooperation largely 
through use of individual expertise existing at various institutions. 

* 

The Role of the PhD in Entrepreneurship 

CODE feels that entrepreneurial activity by PhD's is something which 
cannot be legislated. However, it feels further that the PhD has, by 
virtue of his total background, significantly greater potential for success 
in such activity than has the member of the general populace. It suggests 
that there are two avenues of encouragement which can lead PhD s in greater 
numbers into entrepreneurship. The first depends on the educational 
institution Itself, which must, by appropriate orientation and emphasis, 
develop an interest in or leaning towards innovation, independent practice, 
or entrepreneurship. The second depends on progressive government support 
programmes of various kinds, directed to reaching a 'climate' competitive 
with that found in other industrial economies of comparable siae. 

Cost-Benefit of the ACAP Studies 

L. ill. ^ 

CODE has noted that no major measures are proposed that would S«atly 
erihance the quality of the PhD effort in Ontario. Indeed, CODE records its 
pleasure at the broad and independent affirmation of the consultants as 
to the strengths and qualities which have developed in Ontario PhD programmes. 

The full programme of ACAP studies is as yet incomplete. CODE has yet 
to be convinced that the extensive funds and efforts devoted to the studies 
would not have been better spent in direct support of existing PhD programmes 

in engineering. 



ANS/dd- 
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APPENDIX A 

REPORT ON THE CODE ENGINEERING DOCTORATE EMPLOYMENT SITUATION, OCTOBER 1973 

"v . ■ 

r" 

In November 1973, members of the Committee of Deans of Engineering 
of the Province of Ontario again supplied data on the status of their 
• engineering PhD graduates during the period November 1972 until October 
1973. The results are compared in Table 1 with those for 1972, * 

Again this year, the majority of the graduates were in Chemical, 
Civil, lllectrical and Mechanical Engineering. The total is up substantially 

to 177 from 124 in 1972 % . 

Unemployment is up from one in 1972 to three in 1973 (appr^xiflfately 
1.72 of the total). 

Approximately 17% have left Canada, which is the ^me as for previous 
years and is probably due to the return of foreign students to their home 
countries. 

A notable increase in employment in industry has occurred, up to 33% 
from 21% in 1972. The number employed in Canadian universities is up to 
26% from 217; in 1972. This has been accompanied by a decrease in post- 
doctoral fellowships from 23% to 11%. 

The ovi rail conclusion is that there is still no serious unemployment 
"among recent Ontario PhD graduates in Engineering despite predictions to 
the contrary, in fact, a healthy tread toward their increased utilization 
in Canadian Industry may have been established. 



December 13, 1973. 
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APPENDIX B 

i 

Comments on CEMC Report 
"Supply and Demand for Engineering Doctorates in Canada" (July 1973) 
Submitted by the Committee of Ontario Deans .of Engineering 



Commendation of this report can be made in a general sense on two main 
scores. Firstly, the consultants have, on assignment, tackled in a 
straightforward manner, what is generally acknowledged to be a tm>st difficult 
task indeed; where qualitatively it is not possible to assert all possibfe 
parameters, and quantitatively, it is not possible to obtain reliable data 
on all accepted parameters. 

Secondly , the consultants have in their report introduced with some 
care statements relating to the qualifications and limitations of the many 
elements enterihg into their predictions, and have emphasized that this is 
only a beginning - ergo* a very preliminary report* 

Within this general context, however, there are a nlnnber of criticisms 
to be advanced. 

1. Supply 

The methodology has been clearly enunciated, and the assumptit>qs 
stated. Nonetheless, projections have been made on a three~levkl 
approach .(high, medium and low), establishing bounds which may well 
be broken as and when certain assumptions become less or more operative. 
Some indicators are already present as to the dangers of some of the 
-assumptions* 

1.1 Admission requirements are not static, and are' increasingly adaptable 
to the changes in the high school,. Three other important aspects must 
be added. There is, firstly, foundation 1 for expecting a major growth 
in the number of women entering engineering. Secondly, the "market- 
place" reaction with a rapid response in the 1st year enrolment to a 
"proclaimed shortage in engineers will continue to be operative. 
f&A^dly, there is further indication that advanced admissions (through 
the sSop-outs returning, through technology gradates admissions, etc.) 
are increasingly important in enrolment projections. None of these 
has been cleSrlV ,4:aken into account in this report. A further aspect 
could well be add^tf, D which is also ignored in the report, but is less 
easy to define though i^^wijLl contribute to the instability in prediction 
of 1st year enrolment. Thjns prelates to measuring the full impact of 
major educational changes on th£ 0 €$nadian scene. The effect of the 
CEGEP's in Quebec in particular, as c well as of the CAAT's in Ontario, 
is yet to be clearly perceived # let spline ^settled into a measurable 
or stable influence. 

0 0 
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1.2 The two data bases selected for examination were the number of 
master's degrees and the number of baccalaureates. The discarding 
of the master's degrees/doctorate degrees ratio as credible seems 
to ignore the very recent development of many doctorate programmes 

as contributing to a rapid change in this ratio. The total postgraduate 
" effort in engineering in Canada is of such an emerging character that 
rates of change must be evaluated much more carefully. This is 
equally true for the baccalaureate/doctoral ratio selected as a data 
base. The evidence for stabilization in this is slight, and even the 
selection of three ratio levels is likely subject to major error 
through neglect of variable factors in an easily perturbed system, 
jthe changing pattern. in the number of Canadian baccalaureates who 
' earn doctorates outside the country is one further feature of a system 
which as yet has little maturity or stability in it. This aspect of 
immigration was noted in the resport as one for which no data was 
available - which ignores one fully-documented part of the system, the 
, Athlone Fellows. 

1.3 the utilization of the baccalaureate/doctoral ratio as a data base for 
"' predicting future' supply has another feature which is inadequately 

considered and analysed. This relates to the forces which are 
operative on graduates of Canadian engineering schools Vis-a-vis 
their proceeding to doctoral work. Graduates of the engineering 
schools of Canadian universities have never come forward in substantial 
numbers to undertake advanced study and research. The tradition of 
such a choice, and indeed the number of opportunities for such advanced 
work, are relatively new on the Canadian scene. The expansion of the 
graduate schools over the past decade has been effected therefore by 
the attracting of students with overseas degrees, particularly from 
Asia. M^my of these students from overseas have been or have become 
landed immigrants, have stayed in Canada and have taken -jobs as PhD's. 
These jobs have been available, they have not been taken up by 
Canadians who seem to have preferred to enter the work-force earlier, 
immediately after obtaining the bachelor degree. There are probably 
many factors which have conditioned the particular choices of Canadian 
engineering graduates at the bachelor level, but primarily it is 
probably a combination of (a) the fact that they have been so readily 
absorbed into the economy at that level, and (b) the fact that the ^ 
level of financial support available for graduate study has been too 
low to make them feel that the sacrifice is worth it. For the near 
future, unless the proportion of Canadian bachelor degree graduates 
choosing to undertake PhD studies changes drastically, the numbers of 
qualified applican&s coming forward will certainly decline. At the 
same time as the gr\$*ate schools in engineering become increasingly 
well established and recognized, and as high technology factors including 
its encouragement through government policies increasingly become operative, 
the opposite effect could well occur. The imprecision therefore in 
assuming a stabilized bachelor/doctoral ratio Is greater than assumed in 
the CEMC study. 
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1.4 In the consideration of the report , moreover , one should not perhaps 
overlook the possible impact of events occurring in other jurisdictions. 
The report suggests that the annual number of bachelor degree graduates 
will fall from about 4>500 to 3,000 over the next three years, with 
most of this decrease due to a falling~off in freshmen enrolments in 
provinces other than Ontario. This could suggest in itself a likelihood 
of fewer qualified Canadian graduates available for PhD studies at our 
universities. This must be viewed in conjunction with the situation 

in the L'.S % where undergraduate enrolments in engineering have fallen 
very sharply over the last few years and this will lead to a very 
substantial decrease in the number of bachelor engineering degree 
graduates over the next few years. The combined Canada/tJ.S. 
graduating class was about 47,000 in 1971. It will be only about 
35 f 000 in 1975. One might wonder whether, because of excellent 
opportunities at the bachelor level, a smaller proportion might proceed 
to PhD work or conversely whether the lack of anxiety about employment 
prospects at the bachelor level will give more students the confidence 
to continue with their studies. 

1.5 A further major criticism of this part of the ^report rests not on the 
methodology, elements of which have been discussed above, but on the 
basic data used in the calculation steps. Without examination of each 
and every set; of data used, it can nonetheless be indicated that the 
rather complex combinations of undergraduate enrolment and graduation 
data from Statistics Canada, from ElC enumerations, from the "Ring 

of Iron" for Ontario leave some inconsistencies. The number of bachelor's 
graduations and of doctorates were obtained only to 1970-71, while the 
number of master 9 s degrees were recorded for 1971-72. In view of the 
rapid build-up in Canada of doctorate degrees (from 78 in 1965-66 to 
216 in 1970-71) it would have seemed to be quite important to establish 
the 1971-72 figures before final projections were carried out. In 
view of the prominent place taken by the Ontario system contribution 
it is indeed surprising that more current data at hand in C0U (ACAP) 
was not utilized. Nonetheless, it is fair to point out that the actual 
doctorates in Ontario 'for 1972 and 1973 respectively were 124 and 177, 
and that the former figure compares to the low level projection for 

1971- 72 of 126, and th(j latter to the high level projection of 172 for 

1972- 7 3. At least the projection band width used just encompasses the 
first stages of comparative actual data. 

2 . Penand 

The report includes a comprehensive survey of manpower demand methods , 
and a careful statement of the method followed for each of the sectors 
explored, as well as its limitations- This demand aspect of the report 
is the on^ which has received the most criticism from the ACAP consultants 
in the five engineering fields assessed. Our criticisms encompass the 
major elements of those comments in suramarv form as well as those voiced 
by the engineering schools in Ontario. 
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Educational Sector 



The consultants' use of a model for the estimation of future demand 
ii> the educational sector is deceptively attractive. Essentially, 
their model was based on a staff-student ratio as a base, adjusted for 
retirement, mortality and migration. They concluded that to 1977-78 
(at least) the demand for engineering doctorates would be essentially 
zero ? and tVn admitted "this will not prove to be an accurate 
scenario 11 ". They then rest their case that in both universities and 
other educational institutions, the demand will be "minimal' . In the 
dictionary sense of the least attainable or extremely minute in size, 
it is difficult to read into this other than essentially no demand. 
Even though rather elegantly derived, we find it hard to accept such 
a conclusion, particularly when the Ontario system itself projects 
now a demand for about 20 for 1974. Some of the parameters which 
would be omitted by the model used include increased demand through 
major block research grants, through mission-oriented research, and 
through the development of new programmes and areas. The report does 
dealjat length with the question of "substitutability between inputs , 
but! does not weigh it to the level where it would not be balanced by 
othjir factors. This question of substitution will also be referred 
to Below in considering the total demand-supply picture, 
i 



Government and Industry Sectors 



in these sectors the consultants chose to establish stock data and 
forecast demand for 1974, 1975 and 1978 by direct survey. From the 
manly criticisms and indeed specific refutations that can be made, it 
is flear that this' survey has been far too narrowly cast. In the 
government area this is certainly true regarding the narrowness of 
definition used. In the industry area it includes not only that 
limiting factor, but became subject to both incomplete data through 
usihg wrong sources, and through important omissions, to some degree 
the 'consultants were well aware of these deficiencies, but were 
obviously more conscious of them for the forecast demand data than 
forlthe stock data - where equally gross errors and omissions seem to 
have 1 occurred. One example of such an error is in the stock of 52 
in 1»73 attributed to AECL, compared to the 90 actual in 1973 as 
provided by the Metallurgical engineering consultants in their report 
to A£AP. Other reports to ACAP specify other examples. 

It is hard to escape the conclusion that the inadequacies of the demand 
survey are far greater than the consultants envisioned, and their 
errors of omission are much greater than they estimated. 

General 



Educational Planning and Manpower 

What appears to be a basic premise of the report as contained in 
paragraph 1 on page (1) deserves comment, vi2. , 
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"Now, a generally accepted view is that the expected 
Labour markfet for graduates of a particular speciality 
should influence policy and planning in post-secondary 
education in that area. 1 ' * 

This view may not be as generally accepted as one might be led to 
believe. The particular philosophy outlined can, taken to extremes, 
result in a shortsighted and constrained view of a university* It 
could well be argued that too marked a distinction has been drawn 
between what is educational and what is vocational. Recently this 
has been convincingly stated to be one of the major misconceptions 
in higher* education planning*. The danger in assuming that all but 
preparation of people for specific jobs is wrong or wasteful is not 
just in the short-sighted effort to establish a one-to-one 
relationship between education and jobs. Rather it omits the important 
fact that vocationally oriented education is not wasted if it is not 
used in the specific vocation toward which it was directed. As Bowen* 
states, "It is no mark of failure, rather a mark of success, that 
education - even strictly vocational education - has wide applicability 
and produces flexible and versatile people". The PhD graduate even 
if he takes a vocational route initially may well very soon find 
himself in positions where his PhD can be regarded only as part of 
his general education or as a contributing factor to his intellectual 
development or problem-solving ability. It is not difficult to give 
examples of this "diffusion" of PhD's through a "vocational" period 
to positions of quite different responsibilities in industry, 
governments and the universities. The consultants gave careful 
attention at one stage in their report to this "diffusion" or 
dispersion, referring properly to the recent University of Toronto 
study. However, they did not then "factor" it in to either their 
supply or their demand projections. In our view, significant allowance 
should be made for it. On the supply side, both into the baccalaureate 
stream as well as into the doctoral stream in engineering the 
vocational /educational issue is not clear-cut nor should it be. On 
the demand side, the£e must be allowance made both for the substitut- 
ability through flexibility even at initial employment levels, and for 
increasing mobility andT~transf er into wider areas such as management 
as experience accrues. The difficulty of quantifying this is well 
appreciated. The need for including it in some definitive way demands 
equal appreciation. 

3. 2 The Supp l y and Duroand Balance 

The report in its final results and conclusions comes down strongly on 
the prediction of an oversupply of engineering PhD* s in the decade 
ahead. They acknowledge a range of factors which will influence both 
their supply band projection and their demand batod projection* including 
the possible effect of their own report. We acknowledge this danger 
and can only hope that it can be minimised by vigorous emphasis both 



* H. R. ffowen, "The manpower vs. the free-choice principle", University 
Affairs, Jan. 1974. 
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on the limitations of the reports projections but also on the 
countering evidence as it accumulates. We have indicated some 
of the aspects of both the supply and the demand projections which 
can invalidate the narrowness of the band widths selected. Perhaps 
more importantly in the ^ong run is the real failure of any demand 
projection to be able to take into account any but the very short- 
term skill requirements taf the economy. The evidence is quite clear 
that our society has an : enormous amount of work to be done with a 
lack of sufficient skilled manpower to do it. We would claim that 
the adaptability of doctoral graduates in general combined with the 
adaptability of our economy results in a surprisingly good balance. 
The Ontario experience, well documented now for fetor years, indicates 
essentially no unemployment of engineering doctorates, no unusual 
hold-up or storage in a post-doctoral form, and changing flows into 
government and industry as demand from the universities slacken* The 
acceptance of a current balance, which does exist (with some evidence 
indeed of unfilled needs in some areas), could well be the gtarting 
point for the rg^ort's projections. The graphical summary given on 
page 18 would then present an entirely different picture. 

We should rise above our national tendency to be cautious and 
pessimistic, recognize that even a PhD may be viewed as vocational or 
educational (hopefully both) according to the graduates perception of 
the markot-place, alternative opportunities, his own desires and so on, 
and not deliberately cut back on PhD enrolments in engineering, 
especially on demand data of such doubtful validity as that contained 
in the CEMC preliminary report. We have so little to gain and so much 
to lose by taking such an approach* We need to display more optimism 
and confidence in ourselves and in the ability pf highly educated 
manpower to seek out and create opportunities and to raise the level 
of some existing positions both in government and industry. It is to 
be hoped that our students also will display such optimism and take a 
broader view of the value of their education* and that this view is 
shared by our federal and provincial governments. We will need this 
spirit if we are to move into an era in Canadian industry where 
increasing sophistication and high technology become more and more 
necessary. 
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MOTES 
v 

Re : 1 A 

Entrance to engineering was assumed constant on a demographic base t 
i.e. 0.5% of male population age 15 to 19; and assumed unchanged 
entrance requirements. 

♦ 

Re; 1.2 and 1.3 

The greatest danger in assuming the validity of a stable B/D ratio 
for projection purposes resides in the fact that the doctorate figure 
for the last decade includes a very large but unknown number who 
did not come through the Canadian baccalaureate stream. The size 
of that group of doctorates was related largely to immigration 
policies (now changed and changing), to research grants policies 
(which have also changed), and possibly to more selective admission 
policies. Perhaps a meaningful B/D ratio could usefully be 
established when the D number arises almost entirely from the B 
stream. Such data have not been collected. 



